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The Linguet, containing methyltestosterone, dissolves slowly in the 








space between the gum and cheek. Direct absorption into the systemic 
circulation reduces hepatic inactivation so that dosage is approximately 


one-half that required when tablets are ingested “. . . the most eco- 
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i nomical and also efficient way of administering testosterone . . .”" 
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t 1. Lisser, H.: Calif. & West. Med., 64: 177, 1946. 
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, e@ Metandren Linguets, 5 mg. and 10 mg., in bottles of 30, 100, and 500. 
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NONTOXIC 


Now available at all pre- 
scription pharmacies. Bettle 
of 100 half-gram tablets. 


IN PROPHYLAXIS — Meonine is useful in the prevention of liver damage. 
It tends to prevent fatty infiltration, necrosis and cirrhosis 
due to alcoholism . . . malnutrition... surgery ... preg- 
nancy ... infectious diseases ... industrial poisons (such as 
carbon tetrachloride, TNT, or commercial plasticizing 
solvent) . . . and medicinal poisons (such as arsenic, bar- 
biturates, and chloroform). 

Meonine, 1-3 tablets twice daily (1-3 grams), supplies 
the same amount of methionine as 1-3 quarts of milk. Best 
results are noted when given with a high protein diet en- 
riched with the vitamin B complex. 


IN THERAPY -—Meonine reverses fatty infiltration of the liver. While it 
does not replace fibrotic tissue or repair the cell destruction 
of yellow atrophy, it prevents further insult and helps pro- 
mote regeneration. 

Meonine has been successfully prescribed in cases char- 
acterized by low serum protein, jaundice, ascites, hepatic 
enlargement, or other signs of liver injury. 

The average dose of 3-6 tablets twice daily (3-6 grams) 
is supplemented by a high protein, high carbohydrate diet, 
with the vitamin B complex and a protein digest. 
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sounding line. In chemotherapy, the modern 
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hazard of renal irritation from large doses 





of single sulfonamides. By permitting 
simultaneous administration of partial doses 





of the three most widely applicable 
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one of its components. This affords higher 
clinical efficacy on a gram-for-gram basis. 
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individual components of the mixture. 
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Sutures from Sterile Pack canisters are given to suture nurse as needed, Tubes are 
sterile, ready for breaking. Adequate supply always assured for unexpected needs. 


Another First for Ethicon! 


STERILE PACK SUTURES 


© Here is the reatest cdvance in suture handling 
since glass tubes. 


Sterile Pack guarantees that the exteriors of 
Ethicon standard tube sutures are sterile. It defi- 
nitely removes one of the major hazards, always 
present, when tube exteriors are cleansed and 
sterilized by hand-controlled methods. 


Ethicon Sterile Pack Sutures—supplied in Non- 
Boilable Standard Tubes. sizes 000 to 2. both 
Plain and Medium Chromic. are now available to 
all hospitals. They have been in continuous use 
in several hundred hospitals for a vear. Their ac- 
ceptance by both the hospital administrative per- 
sonnel and the surgical staff has far exceeded our 
expectations, 


Sterile Pack provides both new convenience and 
cenuine economy for the hospital. For the sur- 
geon. Sterile Pack gives added assurance of su- 
ture sterility in end use. 


Hermetically-sealed metal canisters contain 6 
dozen Standard Tubes of Ethicon Non-Boilable 
Surgical Gut. U.S.P.. immersed in sterile storage 
fluid. 

Sterile Pack canisters bear two bacteriological 
test numbers, one for the sterility test of the in- 
terior of the tubes and one for the test for sterility 
of the exterior of the tubes. 

Only Ethicon Surgical Gut. famous for superior 
strength. pliability and uniformity of gauge, is 
available in Sterile Pack canisters. 
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ETHICON SUTURE LABORATORIES, Division of Johnson & Johnson, NEW BRUNSWICK, N. J. 
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PRISCOL 


... a valuable adjunct to the treatment of peripheral 
vascular disease.”‘" 


Priscol hydrochloride, administered either orally or paren- 
terally, counteracts the constrictive effect of epinephrine- 
like substances which are formed at the vascular myo- 
neural junction. 


Priscol therefore produces circulatory improvement in 
many cases of Raynaud's disease, Buerger’s disease, dia- 
betic gangrene, and arteriosclerotic peripheral vascular 
disease. 

Patients should be closely observed until optimal dosage is 
established since paradoxical effects or orthostatic hypo- 
tension may occur. 

Tablets of 25 mg.; bottles of 100 and 1000. 

10 cc. Multiple-dose Vials, each cc. containing 25 mg. 


1. Grimson, K. S., Marzoni, F. A., Reardon, M. J., and Hendrix, J. P.: 
Surg., 23:728, 1948. 


e Complete information may be obtained from 
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TIDAL IRRIGATOR 


Performs complete cycle of irriga- 
tion and drainage WITHOUT AT- 
TENTION! 

is easily set up and adjusted to the patient. 

is accurate and dependable. 

is a complete unit, with all parts ready for 

operation. 

is easy to clean. 

has no moving parts to wear out 

is in successful use in many hospitals. 

Uses simple technic. 
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A new catalog has just been printed. 
It is yours for the asking. 
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leading surgeons for 
rescent blades reflects a 
keen appreciation of the 
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m to achieve such clean, 
‘effortiess incision. 

Extra initial sharpness, 
“and a stubborn resistance 
to service-wear, are assured 
by the longer, flatter bevel 
which the cutting edge is 
ground. 

Extra rigidity is built in 
ery blade by the use of 
one-third more of finest 
ical steel. 

Extra sensitive balance 
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bution of weight, without 
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These exclusive Crescent 
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Traction is supplied by a sheet of latex : 
connecting two metal members which . 
grip the skin by means of fine-toothed 
edges, providing firm anchorage with 
minimal discomfort. TRACTACLIP can be 
readily removed for wound inspection. 





e a wound approximator that exerts a gentle, continuous 
traction on the edges of gaping wounds. It enables the 
surgeon to effect, through this traction, the desired ap- 
proximation of tissues. Some of the various uses of 
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PFRACTACLIP* Wound Approximator are... 
@ as an emergency dressing to reduce bleeding and sec- 
ondary contamination. 
e to narrow the gap gradually and help replace lost skin by 
elongating the skin on either side of the wound. 
e to prevent retraction of skin’s edges while a contami- 
nated wound is being prepared for secondary closure. 
e to relieve traction on skin sutures when the wound has 
been closed under tension. 
e to reduce the area of raw surface and protect it from con- 


tact with overlying gauze. 
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effective not only on skin surfaces, but 
also on open wounds. 

Iodine in Solusalve — Vodine—is 
not injurious to even the most delicate 
skin. It may be used safely under band- 
ages and prevents surgical dressings 
from sticking to wounds. 

To prevent surface infection, with- 
out causing painful smarting or sting- 
ing, use and prescribe Vodine Brand 
lodine Solusalve. 
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DOES NOT STING 
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Samples and brochure sent upon request. | 


Yodine Company 


407 Sovth Dearborn Street, Chicago 5, Illinois 





: 
. 

nm, 8tNs s08e8 
2 » be epptied 9 


Surgery 








see 





September, 1948 











Bogle’s Rongeur 4A 
71/2 in. Box Lock Stain- 
less Steel. 








Ruskins Double Action 
Rongeur, 71/2 inches 
Stainless Steel. 













Rongeur, 
1A, 72 in. Box 
Lock Stainless Steel. 






BETTER INSTRUMENTS 
FOR MODERN SURGERY 


Better instruments for modern surgery is the 
aim of the Sklar organization. Sklar was the 































first to recognize and utilize the superior 
properties of the proper alloys of stainless steel 
for the manufacture of surgical instruments, 
and today makes the greatest variety of stain- 
less steel surgical instruments ever produced 
by a single manufacturer. Typical of the better 
instruments produced by Sklar are the four 
rongeurs shown on this page. 

Sklar has always worked in closest collabor- 
ation with leading surgeons in all parts of the 
country in the development of new and spe- 
cialized instruments for new and improved 
surgical techniques. A continuous supply of 
such new and better instruments for modern 
surgery is offered to the profession every year. 
With more than half a century of experience 
behind it, the J. Sklar Manufacturing Company 
offers to the surgeon instruments that are un- 
excelled for technical perfection, dependability 
under all conditions, long wear and beauty. 
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TO RESTORE THE BALANCE 





Few therapeutic procedures can be used with such 
precision and with such assurance of benefit as the 
modern treatment of diabetes mellitus. Not only can the 
degree of defect in the metabolic capacity of the 
diabetic be readily determined, but it is easy to increase 
the patient’s capacity if desirable. If his own supply 

of insulin is insufficient to support the normal 


metabolic load, it can be made adequate by 





supplementing with Insulin administered hypodermically. y 
kor prompt effect— 
Metin (Insulin, Lilly), 40 and 80 units per ce. 
For sustained effect 
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units per cc. 
Intermediate effects may be obtained by suitable 
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Original Communications 
Society for Vascular Surgery 


VENOUS THROMBOSIS 


ALTON OCHSNER, M.D., NEw ORLEANS, LA. 


(From the Departments of Surgery, School of Medicine, Tulane University of Louisiana 
and the Ochsner Clinic) 


|” IS with some trepidation that I speak on venous thrombosis before this 
assembly, because | am well aware of the splendid fundamental investigations 
in this field which have been conducted by many of the members of this organi- 


zation. The contributions of Homans,'* Allen and associates,’ ° Bancroft,’ 
de Takats and Fowler. ° and many others have added much to the present-day 
knowledge of this distressing, frequently dangerous, and usually disabling con- 
dition. Fortunately, at the present time because of a more thorough under- 
standing of the underlying pathologie condition in venous thrombosis, much 
can be accomplished in preventing the occurrence of intravascular clotting and 


in treating the condition rationally once it has developed. 
TYPES 


Although there are some who will not agree with us, we are convinced from 
our experimental and clinical observations that in order to understand venous 
thrombosis correctly and to treat it rationally and satisfactorily, it is necessary 
to differentiate two types of thrombosis, thrombophlebitis and phlebothrombosis, 
which are alike only in the respect that in both the lumen of the vein contains 
a clot. These two types of venous thrombosis differ in etiology, pathology, 
clinical manifestations, prognosis, and therapy. Unless distinction is made be- 
tween the two types, the therapeutic results are likely to be unsuccessful. 
Thrombophlebitis, as the name implies, is a condition in which there is inflam- 
mation of the venous wall associated with an intravascular clot, whereas phlebo- 
thrombosis is characterized by an intravenous clot unassociated with an in- 
flammatory process in the venous wall. The presence of the inflammatory proc- 
ess in thrombophlebitis and its absence in phlebothrombosis is of great prog- 


nostic and therapeutic significance. 


Presidential address delivered at the first annual meeting of the Society for Vascular 
Surgery, Atlantic City, N. J., June 8, 1947. 
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The clotting in thrombophlebitis is a result of injury to the vascular endo- 
thelium from mechanical trauma, invasion of the perivenous lymphatics by 
bacteria or their toxins, or chemical injury; whereas in phlebothrombosis, the 
intravascular thrombus is due to alterations in the cellular and fluid constitu- 
ents of the blood which increase the clotting tendency, and to venous stasis. 
In thrombophlebitis the clot resulting from injury to the endothelium is firmly 
attached to the wall of the vessel and does not become detached except in the 
presence of suppuration; for this reason there is little or no danger of embo- 
lism. Moreover, because of the inflammatory process in the venous wall, im- 
pulses originate in the vein which are carried over the sympathetic nervous sys- 
tem to the ipsilateral arterioles, resulting in profound arteriolar spasm and 
edema, which may persist and cause prolonged disability. On the other hand, 
in phlebothrombosis without inflammation of the vein the clot is a coagulation 
thrombus, is only loosely attached to the venous wall, and can be detached easily 
with the development of embolism. It is recognized that if for any reason the 
clot in phlebothrombosis does not become detached, a superimposed inflamma- 
tion of the venous wall may occur, the inflammatory reaction being secondary 
to the venous clot. Barker and associates'® believe that this is the usual course 
of events and there is little or no danger of the clot becoming detached. Where- 
as this undoubtedly does occur in the exceptional case in which the clot does 
not become detached, it is hazardous to assume that the occurrence of embo- 
lism is not likely in phlebothrombosis. Greenstein’! has shown conclusively in 
post-mortem examinations of persons dying from various causes that phlebo- 
thrombosis occurs in a high percentage of instances. Of 100 post-mortem ex- 
aminations, thrombosis of the posterior tibial veins and muscular tributaries 
was observed in fifty-one and evidence of phlebitis was noted in only four of 
these. In the remainder there was no evidence of an inflammatory reaction in 
or around the vein. Also because of the lack of inflammatory reaction of the 
vein early in the course of phlebothrombosis, there is no arteriolar spasm and 
for this reason there are few if any symptoms. Because of the ease with which 
emboli can be detached in spite of absent or minimal symptoms, phlebothrom- 
bosis is potentially a fatal lesion. On the other hand, thrombophlebitis, even 
though the symptoms are severe, seldom endangers life although disabling 
sequelae are likely to persist for months, vears, or even the remainder of the 
patient’s life. 

ETIOLOGY 


Although venous clotting is more prevalent in certain persons (throm- 
bosers), injury to body tissues, such as operative, obstetrical, or accidental 
trauma, or destruction of tissue by invasion of neoplastic disease or infection, 
is the principal predisposing etiologic factor. The precipitating factor is stasis 
in the venous circulation, which is responsible for the formation of the thrombi 
in the lower extremities. Circulatory retardation may be generalized, as in the 
elderly patient with cardiovascular disease, but is maximal in the venous chan- 
nels of the legs and feet when the patient is confined to bed. On the other 
hand, phlebothrombosis exceptionally can occur in persons who are not bed- 





























OCHSNER: VENOUS THROMBOSIS 447 


ridden. MeCutchen and Cantey’? reported four cases of apparently normal per- 
sons in whom phlebothrombosis developed even though they were up and about 
and presumably well. The youngest patient was 48 and the o!dest 62 years. 
Although the increased clotting tendeney occurs in the blood of the entire body, 
it is well known that phlebothrombosis occurs primarily in the vessels of the 
lower extremity. Investigations of Neumann,'® Réssle,'t von Seemen,'? Hunter 
and associates,'® and Greenstein'! demonstrated that thromboses begin in the 
veins which drain the calf muscles. Roéssle't observed thrombosis of the ealf 
vein In 25 per cent of routine post-mortem examinations. Hunter, Krygier, 
Kennedy, and Sneeden'® reported that 52.7 per cent of 351 routine post-mortem 
examinations disclosed thromboses of the veins of the legs. Greenstein’! noted 
thrombosis of the veins of both legs in all his cases. Posterior tibial veins and 
tributaries to the calf muscles were principally affected. In no instance were 
the femoral veins involved without concomitant thrombosis of the posterior 
tibial veins. The greater predilection of thrombosis for the deep veins of the 
leg is probably due to maximal stasis in those vessels. A patient lying quietly 
in bed, although moving the upper extremities more or less constantly, is likely 
to keep the lower extremities immobile. Since active muscular contraction is 
a prominent factor in the movement of blood in the veins of the extremities, 
complete relaxation of the muscles of the lower extremities, particularly those of 
the calf, causes stases of blood in the veins of these areas. Increased intra- 
abdominal tension from the use of tight abdominal bandages for gaseous dis- 
tention of the intestines can compress the vena cava and increases the venous 
pressure in the veins of the lower extremity, which promote vascular stasis. 
Another factor favoring venous stasis is hypopnea. Venous circulation is im- 
proved by negative intrathoracic pressure, and if respiration becomes shallow 
as the result of an operative procedure, particularly laparotomy, the aspirating 
effect of negative pressure is reduced. 
CLINICAL MANIFESTATIONS 

The clinieal manifestations of thrombophlebitis and phlebothrombosis vary 
considerably. Because of the inflammatory process involving the venous wall, 
the symptoms in thrombophlebitis are severe. We have demonstrated both ex- 
perimentally'? and clinically'’*°° that although the inflammatory lesion is in the 
vein, and this is particularly true when the femoro-iliae veins are involved, the 
symptoms are the result of spasm of the ipsilateral arterioles because impulses 
originating in the involved vein are carried over the sympathetic nervous sys- 
tem to the arterioles. Symptoms of thrombophlebitis are fever, pain, coldness, 
whiteness, and swelling of the extremity. The fever is undoubtedly the result 
of the inflammatory process involving the venous wall. The other manifesta- 
tions are the result of ischemia caused by arteriolar spasm. Until relatively 
recently the significance of the whiteness and coldness of the extremity in 
phlegmasia alba dolens was not appreciated. That these two manifestations 
are the result of vasoconstriction can be demonstrated easily by their disap- 
pearance following vasodilatation. The symptoms and signs in thrombophle- 
bitis, if the condition is not adequately treated, are likely to persist with the 
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production of disabling sequelae, such as persistent postphlebitic edema, post- 
phlebitic ulceration, postphlebitic varicosities, and recurrent erysipeloid infee- 
tions. In the relatively rare case of suppurative thrombophlebitis which oe- 
curs in the pelvic veins following criminal abortion, the symptoms are alarming 
and consist principally of chills and fever. The patient is critically ill and is 
apt to die unless adequate therapy is instituted promptly. Because of sup- 
puration the intravenous clot becomes liquified and detached with the produc- 
tion of septic emboli resulting in infarction in the lung and even septicemia. 
Suppurative thrombophlebitis can occur in other parts of the body as well. 

In contrast to the severe clinical manifestations associated with thromo- 
phlebitis, phlebothrombosis is accompanied by few or no manifestations. There 
may be slight elevation of temperature in a patient who is otherwise progress- 
ing satisfactorily; this has been described by Lautre?! as ‘‘the little kiek.’’ 
Even more important than transitory elevation of temperature is elevation of 
the pulse rate, which is usually out of proportion to any elevation of tempera- 
ture. This has been described as the **stepladder”’ pulse. Occasionally the 
patient complains of apprehension, which is unexplainable, and he may have a 
sense of impending disaster. With few exceptions the erythrocytic sedimenta- 
tion rate is increased. 


DIAGNOSIS 


Although the diagnosis of thrombophlebitis is not difficult to make because 
the patient has severe symptoms and usually complains bitterly, the diagnosis 
of phlebothrombosis is usually made only by careful examination of the patient. 
It is a rule on our service to examine carefully the calves and feet of all pa- 
tients past 40 vears of age who have had any tissue injury and who are confined 
to bed. In this way it is possible to detect phlebothrombosis before symptoms 
appear. Compression of the calf or foot in phlebothrombosis is painful and 
upon forceful dorsal flexion of the foot pain in the calf and popliteal area is 
produced (Homan’s sign). 

Moses** has described a sign which he believes is more reliable than others 
in making a diagnosis of phlebothrombosis. In order to distinguish inflamma- 
tory lesions of the skin and subcutaneous lesions of the back of the lee from 
phlebothrombosis, he suggests that after the presence of tenderness has been 
determined by applying pressure anteriorly against the calf, pressure be exerted 
from side to side; if this causes no pain, the lesion may be diagnosed as phlebo- 
thrombosis, provided peripheral neuritis has been excluded by careful neuro- 
logic examination. 


PROGNOSIS 


As has already been emphasized, the prognosis in the two types of venous 
thrombosis also differs. Although the patient with thrombophlebitis has severe 
symptoms, is extremely uncomfortable, and is likely to have persistent dis- 
abling sequelae unless adequate therapy is instituted relatively early in the 
course of the disease, there is little or no danger to life with the exception of 
the unusual case of suppurative thrombophlebitis. On the other hand, the pa- 
tient with phlebothrombosis who has few or no manifestations and who does not 
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appear ill may have massive pulmonary embolism resulting fatally. It is be- 
cause of this latter possibility that a fatal outcome in the patient with phlebo- 
thrombosis is a potentiality. 
TREATMENT 

The treatment of phlebothrombosis is primarily prophylactic. Atraumatic 
surgical technique should be employed as much as possible in order to produce 
minimal tissue damage. The use of sharp dissection, the avoidance of massive 
ligation, and the employment of fine nonabsorbable suture material such as 
cotton are desirable. By decreasing the amount of tissue damage, the clotting 
tendency is minimized. On the other hand, in any patient who has had any 
tissue damage as a result of trauma or because of invasion by neoplastic dis- 
ease or infection, it is imperative to prevent those factors which produce circu- 
latory stasis and measures should be instituted to accelerate the return flow of 
blood from the lower extremities. This is particularly true in older persons 
with cardiovascular disease for whom bed rest is necessary. Active mobiliza- 
tion of the lower extremities by forcefully contracting the muscles against re- 
sistance, especially those of the calf, deep breathing, and increasing the flow of 
blood through the arterioles by the application of heat to the body will minimize 
stasis in the veins of the lower extremities. The application of compression 
bandages to the lower extremity to obliterate superficial veins will accelerate 
the blood flow through the deep veins. Early ambulation, which implies not 
only permitting the patient to get out of bed but also to walk, decreases venous 
stasis. If the patient gives a history of having had previous thrombosis, the use 
of anticoagulants is probably justified ; in fact, it is our belief that the principal 
indication for their use is as a prophylactic measure in patients with a clotting 
tendency. Reich, Yhar, and Eggers®* advocated the prophylactic use of dicu- 
marol postoperatively. Bauer®! did not recommend giving heparin before there 
is evidence of thrombosis. Dennis*? has used dicumarol prophylactically in the 
surgical treatment of ulcerative colitis; of twenty patients subjected to opera- 
tion, only three did not receive dicumarol preoperatively and all three died of 
pulmonary embolism. Bancroft?’ recommended the use of sodium thiosulfate, 
10 @.c. of a 10 per cent solution intravenously for three days preoperatively, 
because the anticoagulant effect of heparin is dependent upon its sulfur content. 

The curative treatment of thrombophlebitis consists of vasodilatation 
secured by anesthetization of the regional sympathetic ganglia with proeaine 
hvdrochloride. Since these patients are usually too sick to be placed in the 
prone position, the injection is generally done in the lateral decubitus position. 
The technique of injection is not difficult. Points two fingerbreadths lateral] 
to the spinous processes of the first, second, third, and fourth lumbar vertebrae 
are chosen. A cutaneous wheal is made at each of these points with a long fine 
lumbar puncture needle (20 gauge, 13.5 to 15 em. in length). The needle +s 
introduced perpendicularly to the skin until it impinges against the transverse 
process. This latter structure serves as a landmark, because whereas there may 
be considerable difference in the thickness of the subcutaneous fat and the 
sacrospinalis muscle of a large, obese, muscular man and a little, thin woman, 
there is not much difference in the thieknesses of the bodies of their vertebrae. 
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After the transverse process has been identified, the direction of the needle is 
changed slightly either above or below and the needle is introduced for an addi- 
tional two fingerbreadths. The point of the needle then lies in the retroperi- 
toneal space on the anterolateral surface of the body of the vertebra where the 
lumbar sympathetic chain is located. Through each one of the four ports, 5 ¢.c. 
of 1 per cent solution of procaine hydrochloride is injected, so that the area in 
which the sympathetic nerves are located is flooded. This procedure is repeated 
daily as long as the patient has fever because although the pharmacologic effect 
of procaine hydrochloride lasts only two hours, the physiologic effect of anes- 
thetization of the sympathetic ganglia is considerably longer than this. 

Almost immediately following the injection there is complete relief of pain, 
the extremity becomes warm and loses its white discoloration, the temperature 
rapidly drops to normal, and the swelling begins to subside. With few exeep- 
tions the patient is well and able to be up within a week or ten days. In the 
patient with suppurative thrombophlebitis, it is imperative that radical therapy 
be used early in order to prevent detachment of the infected emboli with pro- 
duction of septic infarction of the lung and possibly septicemia. In order to 
accomplish this the vein proximal to the site of involvement is ligated or the in- 
volved vein is extirpated. If the pelvic veins draining the uterus are involved, 
ligation of the vena cava just above the bifureation with simultaneous ligation 
of the two ovarian veins is the only rational procedure. Whereas previously 
the prognosis of thrombophlebitis was grave, the immediate institution of 
radical therapy before fatal septicemia has developed now provides extremely 
satisfactory results. 

The treatment of phlebothrombosis is also radical. Although the symptoms 
are minimal or absent, a fatal outcome in these patients is a potentiality. Be 
eause the thrombus is not attached to the venous wall, it is imperative that 
either thrombectomy be done or the vein be ligated above the site of the throm- 
bus. It is our belief that this procedure should take precedence over every 
other operative procedure except measures to combat massive hemorrhage. 
Ligation is accomplished with the patient in the head-up position in order to 
increase the venous pressure in the lower extremity and decrease the possibil- 
ity of detachment of the clot during the operation. Under local analgesia a 
longitudinal incision is made over the femoral vein. The femoral artery is re- 
tracted and the vein exposed. Ligatures are loosely placed around the pro- 
funda, saphenous, and femoral veins above and below the profunda but they 
are not tied. A transverse incision is made in the superficial femoral vein dis- 
tal to the junction of the profunda femoris. If a clot is present in the vein, 
there will be no free bleeding. <A glass suction tube is introduced proximally 
and gentle suction maintained until the clot proximal to the opening of the vein 
is removed. This is followed by a free flow of blood from the vein proximally. 
After the vein has been ligated above the opening, as much of the clot as possible 
distal to the opening is removed. Since the profunda femoris is seldom in- 
volved, only the superficial femoral is ligated and divided. The procedure 
should be done bilaterally because it has been our experience, as well as that of 
others, that if the lesion has occurred on one side, it is likely to occur on the 




















— 











OCHSNER: VENOUS THROMBOSIS 451 


opposite side. Greenstein!’ observed that venous thrombosis was bilateral in 


every instance in which post-mortem examination was performed. Compression 


bandages are applied to the extremity and the patient is instructed to mobilize 


the extremity as much as possible. He is gotten out of bed the following day. 
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POSTTHROMBOTIC SYNDROME OF THE LOWER EXTREMITY 


TREATMENT BY INTERRUPTION OF THE SUPERFICIAL FEMORAL VEIN AND LIGATION 
AND STRIPPING OF THE LONG AND SHORT SAPHENOUS VEINS 


Robert R. Linton, M.D., anp IRap B. Harpy, JR... M.D.. Bostron, Mass. 


(From the Peripheral Vascular Clinic at the Massachusetts General Hospital) 


EEP venous thrombosis of the lower extremity involving the femoral and 

iliae veins produces permanent morphologic changes in the limb that affect 
the physiology of the venous circulation. This abnormal physiopathology re- 
sults in the gradual development of a characteristic syndrome, climaxed usu- 
ally after several years by a chronic indolent ulceration of the lower leg. The 
most common thrombotic sequelae of this syndrome are pain, edema, varicose 
veins, induration of the subcutaneous tissues above the internal malleolus, pig- 
mentation, a chronie dermatitis of the skin of the lower leg, and chronic 
ulceration. They develop usually in this order over a period of four to five 
years after the thrombosis, but occasionally an ulceration may appear within 
one or two years and sometimes fifteen or twenty years may elapse before it 
develops. Homans'! was the first to differentiate between simple varicose ul- 
cers and the so-called postphlebitie ulcer. Since his report in 1917, numerous 
methods for the cure of this condition have been described but none is success- 
ful in all cases. The various types of ointments and local applications inelud- 
ing iontophoresis that have been recommended are too numerous to recount. 
Needless to say the multiplicity of them indicates the ineffectiveness of all of 
them. Thompson'® believed fungus infection of the feet to play an important 
etiologic role in the chronic ulcerations and advised eradication of mycotic foci. 
This form of therapy may aid in controlling the dermatitis but rarely if ever 
produces a permanent cure. The most noteworthy of the nonsurgical forms of 
treatment is the application of the paste type of boot, first deseribed by Unna*? 
in 1896, and the more recent modification utilizing an elastic adhesive bandage 
first reported by Wright*? in 1930. This form of therapy frequently heals the 
ulcer but it does not cure it since it invariably recurs after discontinuance of 
the support. 

Homans" in 1917 was the first to propose the radical excision of the ulcer 
and the surrounding pathologie skin and subcutaneous tissues including the 
deep fascia, with the application immediately of a split-thickness skin graft over 
the denuded area. Similar procedures, some more extensive than others, have 
been described by Mayo,’® Trout,?? Brown and associates,’ Pennoyer,’’ and 
Douglas.* The purpose of this type of treatment was to excise the diseased tis- 
sues in the lower part of the leg rather than to correct the abnormal physiology 
of the venous circulation in the postthrombotie extremity. A more physiologic 
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and less disfiguring operation was devised by one of us (R. R. L.),’* 7° in 
which the communicating veins between the deep and superficial systems 
were interrupted and also the saphenous veins in the lower leg were re- 
moved. The rationale of this procedure was to remove the main varicosities of 
the lower leg and at the same time divide the communications between the deep 
and superficial systems of veins so that the increased pressure in the former 
would not be transmitted directly to the latter. Lumbar sympathectomy has 
been utilized in our clinie in a number of cases but unless it is combined with 





some other form of surgical treatment it has not cured the ulcerations. 

The results obtained in a series of patients treated at the Massachusetts 
General Hospital by a number of these methods are shown in Table I. The in- 
effectiveness of them in many of the cases is apparent and for that reason a 
new type of surgical treatment consisting of interruption of the superficial fem- 
oral vein and ligation and stripping of the long and short saphenous veins has 
been developed, the results of which to date appear very encouraging. Buxton and 
his co-workers® in 1944 and Buxton and Coller® in 1945 were the first to report in- 
terruption of the femoral vein as a method of treating postthrombotic ulcerations. 


Homans!” ?° 


in 1945 and 1946 recommended the interruption of the saphenous 
and the femoral veins in the postthrombotic extremity which shows marked 
venous congestion. Much credit should go to him because, although his publi- 
cations were not the first, he has insisted for a number of years that the canal- 
ized postthrombotic vein is a useless structure and should be interrupted. These 
reports and the fact that in our clinic interruption of the femoral vein for deep 
venous thrombosis in over 3,000 extremities has seemed to prevent the develop- 
ment of the thrombotic sequelae including ulceration were sufficient stimulus 
to combine interruption of the superficial femoral vein with the complete re- 
moval of the long saphenous and the short saphenous vein also when it is vari- 
cosed. This form of therapy is directed at improving the physiology of the 
venous circulation in the postthrombotic extremity rather than attempting to 
cure the uleer by local measures. In order that the rationale of this treatment 
may be better understood a short review of the pathologic physiology in the 


postthrombotie extremity is given. 


TABLE I. RESULTS OF TREATMENT OF POSTTHROMBOTIC ULCERATIONS BY VARIOUS SURGICAL 
METHODS AT THE MASSACHUSETTS GENERAL HOSPITAL 


NUMBER OF EXTREMITIES 


METHOD HEALED PER CENT UNHEALED PER CEN1 

1. Skin graft alone 0 0) 5 100 
2. Injections alone 0) 0) 2 LOO 
3. Excision of uleer with primary 

skin graft 3 23 10 ri 
4. Ligation and division of 

saphenous vein 10) 50 10 50 
5). Lumbar sympathectomy ' 50 4 50 
6. Ligation and division of 

communicating veins in the 

lower leg 24 55 22 15 


Total 
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Blalock* has demonstrated that the oxvgen content cf the venous blood 
from a limb with varicose veins is not diminished. Holling, Beecher, and Lin- 
ton! confirmed this observation and also showed the same to be true even in the 
presence of chronic postthrombotic ulcerations. As a result of these findings it 
is believed that hypo-oxygenation of the blood is not an etiologic factor in the 
thrombotic sequelae. There are two significant facts, however, concerning the 
postthrombotic syndrome that should be emphasized since an understanding of 
them aids in explaining at least some of the etiologic factors involved. First, 
it is believed that the thrombotic sequelae with the exception of pain and edema 
do not appear immediately but only after the deep veins have become canalized. 
Second, all postthrombotic ulcerations, unless they are extremely large, can be 
healed temporarily by placing the patient in bed with the leg elevated slightly 
above the heart level. In support of the first observation, the operative find- 
ings in 84 postthrombotic extremities reported in this article revealed that the 
femoral vein had become canalized in all instances. An analysis of 32 extrem- 
ities with ulceration (Fig. 1) reveals that there was a period of from one to 
twenty-nine vears after the venous thrombosis before the ulcer appeared. The 
majority, or 62 per cent, developed within ten vears, and only 4, or 12.5 per 
cent, at the end of the first vear. There will be those who doubt canalization 
can take place within one vear, but it has been observed by one of us (R. R. L.) 
in a patient who also developed an ulceration within that period. Interruption 
of the canalized superficial femoral vein in this extremity produced rapid heal- 
ing and it has remained healed for sixteen months without other therapy. The 
experimental work of Edwards and Edwards" and Beecher? also tended to 
corroborate this observation. The former have demonstrated that after a vein 
canalizes following phlebothrombosis the venous valves in it are incompetent. 
Beecher? has demonstrated a sustained high pressure in the saphenous vein with 
incompetent valves during muscular activity, whereas with a normal competent 
valvular system exercise reduces the venous pressure. A comparable situation, 
even more so, undoubtedly exists in the postthrombotic extremity in which the 
valves of the deep and the communicating veins also are incompetent. The pres- 
sure in the veins under these conditions is far above the colloid osmotic pressure 
of the blood, resulting in an increased quantity of lymph formation, as demon- 
strated by Beecher, Field, and Krogh.’ In a normal lee the lymphatics would 
be sufficiently adequate to drain off this increased amount of tissue fluid, but as 
the result of the previous phlebitis the Ivmphatics have been damaged so that 
they do not function normally in the postthrombotic states. Holling, Beecher, 
and Linton!’ have correlated the increased edema formation with the high sus- 
tained venous pressure seen in these patients. Chronic Ivmphedema is prae- 
tically universal in all cases and undoubtedly plays a role in the formation and 
chronicity of the ulcerations. 

The induration seen in the tissues of the inner side of the lower leg the 
direct forerunner of the ulceration, it is believed also is secondary to the in- 
ereased venous pressure. This condition has been designated by one of us 


R. R. L.) as stasis cellulitis. The brown pigmentation of the skin of the lower 
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lee that ultimately appears is due to capillary hemorrhages secondary also to 
the increased venous pressure. The most marked changes in the skin and sub- 
cutaneous tissues and the most common site of uleerations are on the inner side 
of the lower part of the leg just above the internal malleolus. It is believed 
that this is because the communicating veins in this region become incompetent 
from dilatation, since they pass out through tendons and are not supported by 


the muscles as are the ones higher in the leg. The varicose veins of the long 
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Fig. 1.—Years elapsed between venous thrombosis and ulceration in 382  postthrombotic 
extremities. 


and short saphenous systems are most marked in the lower leg below the knee. 
They gradually develop over a period of years secondary to the increased ve- 
nous pressure to which they are exposed after the deep veins have canalized and 
the communicating veins have become incompetent. The second observation, 
that bed rest with elevation of the extremity heals the ulceration, is confirma- 
tory evidence of these facts, since by this means the venous pressure is greatly 


diminished and the lymphedema reduced, thus re-establishing a more normal 
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venous and Iwmphatic circulation. In summary, it is therefore believed that 
the thrombotic sequelae develop as a result of the sustained increased pressure 
In the veins of the lower extremity and the associated lymphedema. 

Experience has revealed that interruption of the femoral vein alone, if ul- 
cerations and varicosities are present, will not suffice to heal the former. These 
early experiences with poor results from femoral vein interruption alone 
necessitated the development of an operation, which in addition includes the 
proximal interruption of the long and short saphenous veins, and the stripping 
of them from the groin and popliteal space, respectively, to the ankle level. 
It is believed that the removal of these superficial veins if ulcers overlie them 
is extremely important, since the ulcerations have persisted in a few cases when 
the vein was not completely removed. 

The selection of the patients for this type of surgical treatment is based 
primarily on the physical examination rather than on a history of a pre-existing 
deep venous thrombosis, since such a history cannot be obtained from all the pa- 
tients. The most important part of the physical examination, to determine the 
advisability of performing the operation, is to ascertain the competency of the 
venous valves of the deep, communicating and superficial systems of veins. 
This is done by carrying out the so-called Trendelenburg test. The veins 
are emptied first of blood by elevating the extremity. A rubber tourniquet is 
apphed to the leg just distal to the knee sufficiently tight to occlude only the 
superficial veins. The patient then stands up and if the veins below the tourni- 
quet fill within a few seconds it demonstrates incompetent valves of the deep 
and communicating systems of veins. This observation is sufficient evidence to 
indicate the desirability of interrupting the superficial femoral vein. Since the 
dilated superficial veins on the inner side of the lower leg are either the long 
saphenous vein or its tributaries, removal of the main saphenous trunk from the 
eroin to just below the internal malleolus is indicated also in these extremities. 
The demonstration of these superficial varicosities in some cases may be diffi- 
cult due to the extensive fibrosis of the subcutaneous tissues, but chronic skin 
changes or ulcerations always indicate their presence. Similar conditions on the 
posterolateral surtace of the lower part of the lee and the region of the external 
malleolus are considered sufficient reason to remove the short saphenous vein. 
From the experience gained by the study of these cases reported here, it is be- 
lieved that the varicosed saphenous veins rarely if ever constitute collateral 


channels necessary for the return of blood from the extremity. 


METHOD OF TREATMENT 


Many of the patients with the postthrombotic svndrome when first seen 
come for treatment because of a chronic ulceration of the lower leg. It is neces- 
sary to heal this before operating on the extremity because of the danger of post- 
operative infection. For this reason when an ulceration is present the treatment 
is divided into three phases, preoperative, operative, and postoperative. If it is 


healed or an ulcer has not vet developed, of course the first one may be omitted. 


Preoperative.—The preoperative treatment as a rule is carried out without 


hospitalization. This is important in these days since hospital beds are saved 
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for more acute cases and in addition the expense to the patient is reduced by 
a considerable amount. A bland ointment, such as borie acid, is applied to 
the ulcer. A generous gauze dressing is placed over it. The leg is wrapped 
with a gauze bandage so that there are several lavers of it over the skin from 
the base of the toes to 8 em. below the knee. This is covered next with a tight 
elastic adhesive bandage, making sure to cover the heel completely, and ex- 
tending it above the gauze bandage, so that the upper portion of the elastie ad- 
hesive is apphed directly to the skin. This latter point is important, as it 
keeps the entire dressing in place and prevents it from slipping down. The 
purpose of the gauze bandage is to prevent maceration of the skin as seen so 
frequently if the elastic adhesive is applied directly to it over the entire surface 
of the leg. These dressings are changed weekly at first and later at two-week 
intervals. As a rule it Is possible to heal the ulcer within four to six weeks. 


After hospital admission a few days are taken to cleanse the skin thoroughly 


prior to operation. If the ulceration is too large for this type of treatment, 1 
has been found advantageous to admit the patient to the hospital. There he is 
placed in bed with the lee elevated. Moist normal saline or boric acid solution 
dressings are applied at four-hour intervals. The base of the ulcer develops 
clean granulations usually within a week under this regime. Then a split-thiek- 
ness skin graft is applied to the ulcer area. After another period of seven to 


eraft has taken sufficiently well the main operation on the 


ten days when the e 
veins can be carried out. Penicillin is given during the pre- and postoperative 


periods. 


Operative-—Kther anesthesia has been used routinely. The superficial fem- 
oral and the long saphenous veins are exposed through a vertical longitudinal 
groin incision placed directly over and parallel to the femoral artery pulsations 
(Fig. 2). The femoral artery and vein are intimately bound together by peri- 
vascular scar tissue, the result of the previous venous thrombosis. Great care 
must be taken not to injure the artery in dissecting it free from the vein. It 
never should be completely isolated and retracted with a rubber tubing, since 
this may produce arterial thrombosis with gangrene of the lower part of the 
leg. The superficial femoral vein is isolated for about 3 em. distal to the pro- 
funda femoris branch, which is always carefully visualized to be sure that the 
common femoral vein has not been isolated. Interruption of the latter and the 
saphenous vein may produce serious postoperative edema from which the ex- 
tremity slowly if ever recovers. Venous pressures are taken in the superficial 
femoral vein by cannulating it with a needle attached to a manometer filled 
with normal saline solution (Fig. 3). The initial pressure is recorded a second 
reading is taken after the superficial femoral vein has been occluded temporarily, 
and finally a third one is taken with both it and the saphenous vein oceluded. 
These pressures are taken as a precautionary measure to ascertain the effect of 
occluding both of these vessels, since occasionally it is found that the pressure 
rises to an alarming level. A rule has been established that if the pressure rises 
above 30 em. after both the veins have been occluded, the stripping is not done 
until a later date because extensive bleeding may occur from the unligated 
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saphenous vein tributaries. More adequate collateral venous channels soon 
develop with a reduction in the venous pressure so that the stripping may be 
carried out safely. If a thickened canalized femoral vein is encountered, venous 
Table IL), indicating 


pressures rarely increase more than a few centimeters 
that an excellent venous collateral circulation has already developed. The femo- 
ral vein is divided immediately distal to the profunda femoris branch. Each 
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Fig. 2.—An artist’s drawing showing exposure of long saphenous and superficial femoral 
veins. Note especially that the incision is parallel and over the femoral vessels. The superficial 
femoral vein has been ligated and divided distal to the profunda femoris and the saphenous 
vein at the saphenofemoral junction. The vein stripper is being inserted into the distal end of 
the saphenous vein. 


end is ligated with a ligature and a transfixion ligature of silk or cotton. The 
patient is then placed in Trendelenburg position in order to reduce the venous 
pressure in the extremity and the main saphenous trunk is stripped from the 
groin to just below the internal malleolus after being interrupted at the sa- 
phenofemoral junction. An intraluminal type of stripper is used, similar to 
the one first described by Babcock’ (Fig. 4). In some cases it passes readily 


from the groin to the ankle; in others it may be necessary to isolate the saphe- 
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nous vein just below the internal malleolus and pass the stripper upward to com- 
plete the removal of the entire trunk. The most important part of the sa- 
phenous vein to be removed is that which underlies the ulcer, since the poor re- 
sults in these cases have been in those where the stripping was only carried just 
proximal to the ulcer area. The incisions are carefully sutured without drain- 
age after completion of the stripping. The negligible amount of bleeding from 
the saphenous tributaries in these cases is always surprising in view of the fact 
that both the femoral and the saphenous veins have been interrupted. If 
the short saphenous vein is varicosed or if there are chronie skin changes or an 
ulceration in the region of the lateral malleolus, it should be stripped also from 
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Fig. 3.—An artist’s drawing showing method of cannulating superficial femoral vein to 
obtain venous pressures. These are recorded before and after occluding it, and again with the 


saphenous vein also occluded. 
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TABLE I]. VENOUS PRESSURES IN FEMORAL VEIN OF THIRTY POSTTHROMBOTIC. EXTREMITIES, 
MASSACHUSETTS GENERAL HOSPITAL 


AFTER OCCLUSION 


AFTER OCCLUSION OF SUPERFICIAL 
INITIAL FEMORAI OF SUPERFICIAL FEMOKAL AND LONG 
CASE NO. VEIN PRESSURI FEMORAL VEIN SAPHENOUS VEINS* 

l ss 16.0 19.0 
2 4.0) 6.5 16.5 
3 4.0 15.5 24.0 
4 L.3 7.0 7.0 
D 6.0 8.0) &5 
6 6.0 21.0 91.0 
7 6.0 20.0 O00 
x 6.0 15.0 22:5 
+] 6.0 G0 iv.0 
10 7.0 12.0 14.0 
1] 7.0 28.0 $4.0) 
12 7.0 12.5 16.0 
13 1.0 14.5 14.5 
14 ie 12.5 14.5 
15 S.0 8.9 8.9 
16 S.0 14.5 14.0 
17 8.5 4.0) g) 
1S 10.0 19.0 93.0 
19 11. th Bs 15.0 
20 11.0 16.5 19.0 
21 11.5 12.0 14.0 
22 IZ} Bre 15.0 
23 12.5 19.5 22.0 
24 135 14.0 15.0 
25 bas 14.5 13.0 
P6 14.0 1S.0 18.0 
27 16.0 ia lwo 
28 17.0 POO 294.0 
29 20.0 21.0 24.0 
OO 20.0 20.0 15.0 
Lowest 3D 6.5 9.5 
Highest 20.0 5 Pe 15.0 

Mean 9.5 13.5 19.0 


*In centimeters of normal saline solution. 


the popliteal space to a point distal to the lateral malleolus. The patient is 
turned in the prone position on the operating table in order to facilitate this 
part of the operation. The vein is isolated through a transverse incision in 
the popliteal space. Again every effort is made to remove the entire. trunk. 
After closure of all the incisions, a gauze roll 5 to 6 em. in diameter is placed 
over the course of the long saphenous vein (Fig. 5) and the extremity bound 


from the toes to the eroin with two four-inch width elastic bandages. 


Postoperative.—Penicillin, twenty-five thousand units, are administered in- 
tramuscularly every three hours for five days. The foot of the bed is elevated 
on shock blocks for twenty-four hours. The patient is allowed to be ambulant 
on the first or second postoperative day. The skin sutures are removed on the 
fifth postoperative day, and as a rule the patient is discharged from the hospital 
on the seventh to the tenth day with instructions to wear an elastic bandage 
from the toes to the knee during the day. Regular check-ups are made at two- 


week intervals at first and then monthly for the first three months. A small 
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injection of a sclerosing solution may be necessary to eradicate a large varix 
that is still present in some instances. A varying degree of lymphedema is often 
seen and in such cases the patient is instructed to wear an elastic bandage or 


stocking until this disappears. 











Fig. 4.—An urtist’s drawing showing the intraluminal type of stripper in the saphenous 
vein. The inset shows the vein telescoped on the stripper. When it is removed in this mannet 
the vein seldom breaks: if it does another incision is frequently necessary to complete the re- 
moval of the vein. 








Fig. 5.—An artist’s drawing showing the gauze roll fastened to the extremity over the 
course of the long saphenous vein. An elastic bandage is wound around it and the extremity for 
hemostasis. Both are removed after forty-eight hours. 


DISCUSSION 


This report is based on 49 patients who presented thrombotic sequelae in 
one or both lower extremities. There were 31, or 63 per cent, females and 18, 
or 37 per cent, males. The age distribution reveals that 34, or 70 per cent, 
were between 40 and 60 vears of age. The voungest was 24 vears and the oldest 
69 vears of age (Table II1]). The chief complaints of these patients when first 
seen were chronie indolent uleer in 25, or 50 per cent; varicose veins in 14, or 
30 per cent; swelling of the extremity in 7, or 14 per cent; and **phlebitis’’ in 
3, or 6 per cent. <A definite history of a pre-existing deep venous thrombosis 
of the lower extremities was given by 46, or 94 per cent, of the patients and in 


) 


3 it was not obtained. It had occurred bilaterally in 23, or 47 per cent, of the 
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TABLE III. AGE IN DECADES AND SEX OF PATIENTS WITH POSTTHROMBOTIC SYNDROME, 
MASSACHUSETTS GENERAL HOSPITAL 


AGE (YR. ) MALES FEMALES TOTAL PER CENT ; 
91 to 30 1 1 2 4 
31 to 40 4 5 8) 18 
41 to 50 6 15 21 ay) 2, 
51 to 60 { 9 3 9g 5 (9% 
61 to 70 3 1 { & 

18 (37%) 31 (68%) 49 100 


Youngest, 24 years; oldest, 69 years. 


patients and unilaterally in 26, or 55 per cent. Physical examination and opera 
tive findings revealed a higher incidence of pre-existing deep venous thrombosis 
than was indicated by the history (Table IV). Postthrombotic changes in the 
extremities were observed bilaterally in 35, or 71 per cent, of the patients and 
unilaterally in 14, or 29 per cent, making a total of 84, or 100 per cent, of the 
extremities. This higher incidence was confirmed also at operation since a 
perivascular postthrombotic cicatrix and sclerosis of the femoral vein (Fig. 6) 
were observed in 70, or 83 per cent, of the extremities and unilaterally in 14, or 
17 per cent, making a total of 84, or 100 per cent, of the extremities. The pre- 
existing deep venous thrombosis followed surgical conditions in 20 patients, 
parturition in 16, medical diseases in 8. It occurred spontaneously in 2 and in 


3 no history was obtainable. 


TABLE IV. PRE-EXISTING DEEP VENOUS THROMBOSIS IN POSTTHROMBOTIC SYNDROME, 
MASSACHUSETTS GENERAL HOSPITAL 


BASED ON. _ ~ HISTORY PHYSICAL EXAMINATION OPERATIVE FINDINGS. 


EXTREMI EXTREMI EXTREMI 
PATIENTS TIES PATIENTS TIES PATIENTS TIES 
PER PER PER PER PER PER 
NO. CENT NO. CENT NO. CENT NO. CENT NO. CENT NO. CENT 
Bilateral with 20 1] 1() ) 3D 71 70 83 35 7] 70 83 
L 64 
Bilateral without 3 6 6 
Unilateral 26 53 26 28 14 29 14 17 14 29 14 17 
Total 49 72 49 S4 49 84 


The most common signs and symptoms in the order of their frequency seen 
in these 84 extremities with the postthrombotic syndrome were lymphedema in 
84, or 100 per cent; pigmentation in 80, or 95 per cent; varicose veins in 79, or 
94 per cent; pain in 54, or 64 per cent; stasis dermatitis in 49, or 59 per cent; 
stasis cellulitis in 48, or 57 per cent; ulcerations in 36, or 43 per cent. Of the 
latter 21 were still open when the patient was admitted to the hospital, 7 were 
healed but gave a history of repeated recurrences in the past, and 8 had been 
healed before the patient’s admission to the hospital with elastic pressure band- 
ages. All except 2 of the open ones were healed with bed rest, elevation of the 
extremity, moist dressings, and intramuscular injections of penicillin, so that 
the skin was in a satisfactory condition for surgery within seven to ten days. 
The two unhealed ones were covered with split-thickness skin grafts before pro 
ceeding with the operation on the veins. 
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Lymphedema was not only the most common sequela occurring in all the 
extremities but it had persisted for the longest period since it developed eon- 
comitant with the venous thrombosis. The other sequelae developed at varying 
intervals in the postthrombotice period. It is interesting to note that there was 
a great difference in the time of appearance of the ulcerations in the various 


patients. They developed at the end of a year in 4 of them, whereas in two 





Fig. 6.—An enlargement of a microphotograph of a canalized postthrombotie femoral vein. Note 
the marked thickening of the vein wall with fibrous tissue. 


cases twenty-nine years elapsed between the venous thrombosis and the occur- 
rence of the ulceration. The majority of them, 62 per cent (Fig. 1), appeared 
within ten years. The explanation is not obvious for the great variation in this 
time of appearance nor the fact that less than one-half of the extremities were 
ulcerated. Local injury undoubtedly plays a role but can hardly be the entire 
answer. 

The surgical treatment performed on 84 postthrombotie extremities con- 
sisted of the interruption of the femoral vein just distal to the profunda femoris, 
the ligation of the long saphenous vein at the saphenofemoral junction and the 
removal of it from the groin to the ankle by a stripping process, and in addi- 
tion the short saphenous vein when it was found varicosed. It is important 
that the common femoral vein should not be interrupted, since this along with 
the saphenous vein interruption would shut off too much of the venous return. 
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The rationale of this method of treatment, it is believed, is that the venous blood 
is shunted into smaller deep veins which still have competent valves, thus pos- 
sibly reducing the venous pressure especially during exercise; it prevents a 
direct reversal of the venous blood flow down the deep veins from the large 
venous reservoirs of the trunk when the erect position is assumed; it preserves 
the profunda femoris, the medial, and the lateral circumflex femoral veins as 
collateral channels for the return of the blood from the extremity; and it re- 
moves the main superficial varicosities. 

Bilateral superficial femoral vein interruption and ligation with stripping 
of the long saphenous vein were performed on 35, or 71 per cent, of the pa- 
tients; 14 had it done only on one leg (Table V.) Four of the patients had 


the stripping done as secondary procedures, 3 because of the recurrence of the 


TABLE V. OPERATIVE PROCEDURES IN FORTY-NINE PATIENTS WITH POSTTHROMBOTIC 
SYNDROME, MASSACHUSETTS GENERAL HOSPITAL 


PATIENTS EXTREMITIES 
PER PER 
OPERATION NO, CENT NO, CENT 
Bilateral superficial femoral vein interruption, ligation & 
stripping of long saphenous vein 5 39 ge 70) So 
Unilateral superficial femoral vein interruption, ligation 
& stripping of long saphenous vein 14 PY 14 Ws 
Ligation & division of short saphenous vein ) 9) 
30 1S 
Ligation & stripping of short saphenous vein 6 6) 
Skin graft to uleer 2 2 


ulceration after femoral vein interruption alone, and the fourth because the 
femoral vein pressure rose to a level of 45 em. after interruption, so the strip- 
ping was delayed for a week until the pressure had fallen to 24 em. In the 
latter case it was feared that serious hemorrhage might occur from the tribu- 
taries of the saphenous vein with such a high venous pressure. Combining all 
these operative procedures there was a total of 84 extremities that had both 
the superficial femoral vein interrupted and the long saphenous vein ligated and 
stripped. The short saphenous vein was interrupted at the saphenopopliteal 
Junction in 9 extremities and in addition stripped in 6 others. This made a total 
of 15 extremities in which this vein was interrupted. One patient who had a 
recurrent ulcer over the lateral malleolus showed an enlarged incompetent short 
saphenous vein which should have been removed, as it is believed the persistence 
of this vessel explained the recurrence of the ulceration. 

Venous pressures were taken during the operation for two reasons in the 
superficial femoral vein before and after interrupting it and again with the long 
saphenous vein also occluded. First, these readings were taken to determine if 
either one or both of the vessels, especially the saphenous, were important colla- 
teral channels for the return of blood from the limb. The initial pressure varied 
considerably. The lowest was 3.5 em. of normal saline solution and the highest 
was 20 em.; the mean value was 9.5 centimeters. After occluding the super- 


31) 


ficial femoral vein the lowest value was 6.5 em. the highest 32.5 em., and the 
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mean 15.5 em. With both this vessel and the long saphenous vein occluded the 
lowest pressure was 9.5 ¢m., the highest 45 ¢m., and the mean 19 em. The read- 
ings obtained in 30 of the extremities are shown in Table Il. An analysis of 
these proves that in the majority of postthrombotic extremities neither the 
superficial femoral nor the long saphenous vein, or both of them, is necessary 
for the return of blood from the limb. The second reason for determining the 
level of venous pressure in the extremity was in the event that it became so 
elevated that severe hemorrhage might occur following the stripping of the sa- 
phenous vein. The pressure in 4 instances with both vessels occluded rose to 
approximately 45 em. In the first two there were no complications following 
the procedure, but extensive postoperative ecchymosis occurred in the third one, 
so that in the fourth case the stripping was postponed for one week when tne 
pressure had dropped to 24 cm., a more nearly normal level. 

The postoperative complications were few and not serious (‘Table VI). 
The most troublesome one was edema in 6 extremities, necessitating the use of 
an elastic support. The mortality rate was zero. At the present time it Is our 
opinion that no extremity has been made worse by the operative procedure as 


deseribed. 


TABLE VI. POSTOPERATIVE COMPLICATIONS IN EIGHTY-FOUR POSTTILROMBOTIC EXTREMITIES, 
MASSACHUSETTS GENERAL HOSPITAL 


COMPLICATIONS NUMBER 
Sepsis in groin incision l 
Hematoma in groin incision l 
Lymph collection in groin incision | 
Penicillin Dermatitis 2 
Secondary anemia l 
Edema of extremity () 


Mortality rate 0) 


A number of the patients with persistent ulcerations had previous surgical 
procedures without benefit. These included 14 instances of interruption of the 
saphenous vein at the saphenofemoral junction with and without injection of 
sclerosing solutions; 1 with multiple ligations of the long saphenous vein; 3 
lumbar sympathectomies, and 3 patients who had had interruption of the super- 
ficial femoral veins. The poor results obtained with these forms of therapy are 
not surprising in view of our past experiences (Table 1). The fact that 8 did 
not do well after superficial femoral vein interruption alone over periods of 
twenty-two, fifteen, and twelve months is considered to be of significance, indi- 
cating the necessity of combining it with ligation and stripping of the saphenous 
veins. As a secondary procedure this has been carried out in these three cases 
with gratifying results to date for periods of two, eight, and eight months. 

The follow-up statistics on the 84 postthrombotic extremities cover a period 
varying from one to sixteen months (Table VII). An analysis of the results 
revealed that pain was a symptom in 54, or 64 per cent, of the extremities. It 
was relieved in 34, or 63 per cent, and incompletely relieved in 20, or 37 per 
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TABLE VII. FOLLOW-UP STATISTICS ONE TO SIXTEEN MONTHS IN EIGHTY-FOUR POST- 
THROMBOTIC EXTREMITIES, MASSACHUSETTS GENERAL HOSPITAL 


STILL 
PRESENT IN RELIEVED IN PRESENT IN 

PER PER PER 

SEQUELA NO. CENT NO. CENT NO. CENT 
Pain 54 64 34 63 20) 37 
Edema S4 100 38 45 16 55 
Varicose veins 79 G4 26 33 53 67" 
Stasis cellulitis {8 57 18 37 30 63 
Stasis dermatitis 19 58 36 6S: 3 27 
Pigmentation 80 95 0) 0) 80 100 
Uleerations 36 13 2Y 80 7 20 


*Relieved with postoperative injections of sclerosing solution. 

7One practically healed three months postoperatively; 2 recurred, healing with injections; 
2 recurred, not healing; 2 were persistent, not healing. 
cent. Edema was present in all and was relieved in 38, or 45 per cent, so that 
no elastic support had to be worn, whereas in 46, or 55 per cent, it was not 
completely relieved, necessitating the wearing of an elastic bandage or stocking. 
Many of these patients are improved and it is felt will ultimately be able to go 
without support. Some patients have worn such a protection for so long that 
it is difficult to get them to discard it. Varicose veins were demonstrable in 79, 
or 94 per cent, of the extremities. They disappeared after the operation in 
26, or 33 per cent, and with a few injections of a sclerosing solution in the re- 


maining 53, or 67 per cent, of the extremities have been relieved. Induration 
of the subcutaneous tissues or stasis cellulitis was present in 48, or 57 per cent. 
It was relieved in 18, or 37 per cent, and is still present but improved in the re- 
maining 30, or 63 per cent. Stasis dermatitis observed in 49, or 58 per cent, 
was relieved in 36, or 73 per cent, and still present in 13, or 27 per cent. Pig- 
mentation of the skin of the lower leg was the least affected of the thrombotie 
sequelae. It was observed in 80, or 95 per cent, and is still present in all of 
these extremities. There has been a slight improvement as the intensity of it 
seems to have diminished somewhat, but it is felt that it will never entirely 
disappear. Fortunately, it is the least troublesome of the sequelae from the 
patient’s viewpoint. Uleerations were present in 36, or 43 per cent, of the 
limbs. They were healed in 29, or 80 per cent, and 7, or 20 per cent, have not 
healed. In the latter group one was practically healed after 3 months, 2 had 
recurred and were temporarily healed again with injections of sclerosing solu- 
tions in the varicose veins feeding the ulcer areas, 2 recurred, and 2 have not 
vet healed. 

The explanation for the failure to heal these 7 ulcerations is not entirely 
clear but the duration of the ulcers before the treatment was carried out may 
be a factor since in most of the long-standing cases a greater degree of local 
fault in the tissues beneath and surrounding them from fibrosis is usually found 
than in those of shorter duration. The mean age of the unhealed group of 7 was 
9 years, whereas in the healed group of 29 it was 5.2 years. If four patients 
from the latter are subtracted in whom the duration of the ulcers was fifteen, 
sixteen, twenty-four, and thirty-nine years, it leaves 25 in whom the mean age 
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was only 2.5 vears. Another factor in 3 of the unhealed ulcers, it is believed, 
was the fact that the saphenous veins were not removed from beneath the ulcer 
areas. It would appear, however, from these statistics that the earlier ade- 
quate surgical treatment is performed in the ulcer group the better is the chance 
of cure. It is realized, of course, that the follow-up period in the cases reported 
here is too short to claim a permanent cure by this method of a chronic eondi- 
tion which has baffled the medical profession for centuries, but nevertheless 
the results to date are sufficiently encouraging to warrant further trial. 


CONCLUSIONS 


1. Deep venous thrombosis of the lower extremity involving the femoral 
and iliac veins produces permanent morphologic changes in the extremity that 
result in a characteristic postthrombotic syndrome. 

2. The postthrombotie syndrome is characterized by the following states 
which appear usually in this order: pain, edema, varicose veins, stasis cellulitis, 
stasis dermatitis, pigmentation, and chronie ulceration. 

3. It is believed that the postthrombotie syndrome develops primarily as a 
result of a high sustained venous pressure in the extremity due to incompetent 
valves of the deep, communicating, and superficial systems of veins following 
canalization of the deep veins. 

4. Interruption of the femoral vein distal to the profunda femoris branch, 
ligation and stripping of the long saphenous vein, and in addition the short sa- 

tn) z z 
phenous vein if it is varicosed, have been performed in 84 extremities presenting 
the postthrombotice svndrome in various stages. The common femoral vein should 
not be interrupted and the importance of removing the entire main saphenous 
trunks is emphasized. 

5. None of the extremities has been injured by the procedure, indicating 
that the superficial femoral and the saphenous veins are not necessary collat- 
eral venous channels in the postthrombotie extremity. 

6. The postoperative complications have been few and not serious, and the 
mortality rate was zero. 

7. The results of a follow-up study varying from one to sixteen months 
in 84 extremities subjected to this form of treatment are encouraging, but 
further years of observation are necessary to determine the true value of this 
method. 
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THE SURGICAL TREATMENT OF ESSENTIAL HYPERTENSION 
IV. Cask SELECTION AND TECHNIQUE AS INFLUENCING RESULTS 


(iEZA DE TAKATS, M.D... ORMAND C. JULIAN, M.D... AND 
Kpson F. Fowner, M.D., Cureaco, Itt. 


(From the Department of Surgery, University of Illinois College of Medicine) 


HOUSANDS of operations have been performed to date for hypertension, 

but neither the classification and case selection nor the teehnique employed 
has been uniform. It is, therefore, difficult to compare the results of various 
clinies engaged in this work. In this communication we wish to present our 
classification, case selection, and the te¢hniques employed as they influence 
results. This topic is obviously controversial and leaves room for a great deal 
of discussion. 


CLASSIFICATION OF ESSENTIAL HYPERTENSION 


The basis of all classifications is the concept of Keith, Wagener, and Barker’ 
that hypertension per se causes increasing damage in cerebral, retinal, cardiac, 
and renal structures and that the stage of the disease can be defined by the 
advancing damage in these organs. In a previous report de Takats, Heyer, 
and Keeton? presented a table which was based on the combined data of Wagener 
and Keith, Palmer and Smithwick, and our own earlier experiences. As a 
weakness of all attempts at grading hypertension, one point became obvious: 
the degree of involvement in the brain, retina, heart, kidney, or peripheral 
vessels does not run a parallel course and a patient with a severe cerebrovascular 
accident can have surprisingly intact cardiae and renal funetion, For this 
reason, subsequent workers have used subdivisions of this classification. Peet 
and Isberg* used six groups. While their first and sixth groups are identical 
with Wagener and Keith’s first and last (fourth) groups, they introduce a 
group of patients with early hypertension in whom symptoms predominate but 
who display no organie involvement except in the fundi, and another three 
groups in which eardiae, cerebrovascular, or renal disease are predominant. 
Smithwick* in his latest communication used twelve groups, determined by sex, 
age, and pulse pressure. Hinton and Lord? graded the severity of hypertension 
on the basis of four in each of the organs: brain, retina, heart, and kidney. A 
total count of more than eleven contraindicates operation. 

Our group uses a simple classification in the three groups, which are essen- 
tially those of Wagener and Keith except that Group 1 is a combination of 1 
and early 2 of Wagener and Keith and Group 3 is a combination of late grade 
III and IV of Keith and associates.'!. This classification arose out of our experi- 
ence, that the malignant and premalignant phases of hypertension are not a 
surgical problem and second, that the grade I and early grade II hypertensives 
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of Wagener and Keith can be grouped together since results of operation in 


this group are uniformly excellent. Accordingly, the three groups of essential 
hypertension are: 

Group 1. Age below 40 years; minimal or no detectable organic damage; normal blood 
pressure on complete rest or barbiturates; casual diastolic pressures above 100 mm, Hg. 

Group 2. Age from 20 to 55 years; moderate vascular sclerosis in all organs; well 
demonstrable angiospasm; diastolic pressures cannot be lowered below 110 mm, Hg by any 
method; rising diastolic pressure during the course of last six months. 

Group 3. Large recurrent retinal hemorrhages and exudates or papilledema; high fixed 
diastolic pressure, which cannot be lowered below 120 mm. Hg; congestive or anginal heart 
failure; poor renal function; numerous cerebrovascular accidents; an actual malignant or 
premalignant state of hypertension with continuous maximal angiospasm uninfluenced by 


either pressor or depressor stimuli. 


All these classifications are simply the expressions of the degree of organic 
vascular damage. Another viewpoint, namely whether the hypertension is renal 
or nonrenal, does not find any expression in these gradings. Some authors’ 
feel that the neurogenic hypertension is the ideal case for sympathectomy, 
whereas the renal group should be excluded from the operation. Two of us, 
in an article published recently,* came to the paradoxical conclusion that the 
renal group did better than the so-called neurogenic, especially since the neuro- 
genie group turns out to be more and more a neuroendocrine state. 

What is urgently needed is a separation of the renal from the nonrenal 
factor; it is becoming obvious that both may operate in the same patient, in 
varying sequence and varying proportions. Thus, an exciting neurogenic 
mechanism may produce repeated cortical ischemia in the kidney, as in the 
fascinating experiments of Trueta and his co-workers.’ Conversely, a renal 
hypertension produced experimentally may enter a second neurogenic phase, 
For practical purposes, neither the 


as indieated by Ogden and his group." 
depressor effect of spinal anesthesia nor that of the barbiturates has given a 
clear-cut answer. The use of monoethyl ammonium ehloride (etamon), a sym- 
pathetic depressant, produces a rapid fall in blood pressure, in an animal with 
a Goldblatt clamp and also in one with the moderator nerves sectioned. 

To complicate the picture further, the pituitary-cortico-adrenal mechanism 
has to be taken into consideration not only in the typical Cushing syndrome, but 
in many patients with hypertension in whom a neurogenic factor is obvious and 
whose general adaptive mechanism"! is overstimulated. 

The emotional element, the personality factor in patients with hypertension, 
has been the subject of extensive studies’? and suffice it to say here that while 
treatment directed toward this factor has never been capable of definitely 
lowering blood pressure, the severity of the psychoneurotie element may con- 
traindicate operation. In such patients, psychotherapy should precede and 
not follow surgical treatment, as borne out by some unfortunate personal ex- 
periences. 

Looking at hypertension then from the standpoint of the surgeon, it must 
become clear to him that in the complex mechanism of hypertension he ean 
influence some of the factors. These factors are depicted in the diagram (Fig. 1). 
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Splanchnie nerve section as practiced today varies in extent and we shall 
deal with these variations later. It ean diminish sympathetic-adrenal activity, 
inhibit reflex renal spasm, and diminish general arteriolar tone. How much 
benefit oceurs from inhibition of afferent impulses from the viscera is not suffi- 
ciently known, but the hypothalamus is readily activated from many outside 
stimuli. Certainly it does not affect the psyche, the parenchymal lesion in the 
kidney, and probably not the adrenal cortex, although some of our early work 
did suggest that lipid storage occurred there after splanchnic seection.’® Little 
is known about the late effects of splanchnie section on the adrenal cortex. From 
the standpoint of case selection, then, it is important not only to exclude patients 
with excessive vascular damage as manifested in the premalignant and malig- 
nant phase of hypertension, but also those in whom psychic, cortico-adrenal, 


or renal-parenchymal factors are predominant. 
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Fig. 1.—The mechanism of hypertension. Sympathectomy may interrupt the tract between 
the hypothalamus and the sympatheticoadrenal system. It may influence the vascular suppl) 
of the kidney.® In advanced parenchymal lesions of the kidney, it should not decrease the 
pressor substances entering the circulation. It is unknown, whether the corticoadrenal lipids 
Which seem to be mobilized under stress (Selyel) are affected by splanchnic nerve section 
(see text). 


CONTRAINDICATIONS TO OPERATION 
These considerations, then, make our contraindieations clear, The con- 


traindications to splanchnic nerve section for essential hypertension can be 


summarized under four headings: 


1. Extensive organic damage to brain, retina, heart, or kidney 


2. Mechanical obstruction to circulation 


3. Marked psyechie involvement 


4. Obvious pituitary-cortico-adrenal activity 


1. Extensive organic damage to brain, retina, heart, or kidney. For us, 
persistent papilledema and nitrogenous retention are absolute contraindications. 
A previous stroke or coronary occlusion by themselves are not contraindications 
if the rest of the organs are satisfactory, but naturally influence prognosis. 

2. Mechanical obstruction to the circulation, such as exists in aortic re- 
gurgitation, coarctation of the aorta, but also in the rigid, sclerotic aorta of all 
atheromatous patients with a high pulse pressure and a diastolic pressure stabi- 
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lized between 100 and 110 mm, of mereury. Arteriolar tone in these patients 1s 


not significantly increased. 

3. Marked psyehie involvement, Neither blood pressure nor mental attitude 
is improved after operation and surgery often aggravates the mental status 
in such patients. 

4. Obvious pituitary-corticoadrenal activity, which in our present state 
of knowledge may be influenced only by radiation or possibly by a low sodium 
diet, but not by surgery. This may be measured by any of the tests used for 
the detection of corticoadrenal insufficiency except that deviation from the nor- 
mal is on the side of hyperfunction. This group is often labeled neurogenic 
but neurohormonal or neuroendocrine is more appropriate. Recently through 
the work of Selve,'' and Sayers and his associates,’ it has become well estab- 
lished that under various types of stress, corticoadrenal cholesterol is emptied. 
The latter authors showed that according to the intensity and duration of pitui- 
tary stimulation and the time after which the adrenal gland is examined, five 
degrees of adrenal response may be recognized. In applying such experimental 
data to the subject of human hypertension, further studies are now in progress, 
which need not be discussed here. Suffice it to say, however, that corticoadrenal 
activity seems to be present in many forms of human hypertension,’® and that 
this angle of the problem has been so far neglected, compared with the renal 
factor. It is to be stressed here that we are not discussing the full-blown picture 
of the Cushing syndrome'® but a secondary corticoadrenal stimulation accom- 
panying many forms of essential hypertension. I would predict that the em- 
phasis which is on the renal factor today will shift in the next few years to 
the corticoadrenal factor. 


VARIATIONS IN TECHNIQUE 


There are many variations, extensions, and reductions in the extent of 
sympathetic denervation, but they may be erystallized around five basie patterns, 
which are presented in the accompanying diagram, Our apologies are due those 
who have used other modifications, but for the sake of simplifying the discussion, 
these five techniques have been depicted (Fig. 2). To earry this diagram up 
to date, we are relying on recent personal communications. 

The technique of Adson and Craig removes through a retroperitoneal, sub- 
diaphragmatie exposure the major splanchnie nerve from the diaphragm to and 
including the tip of the celiae ganglion, together with the two upper lumbar 
ganglia. The last available report of Adson and Allen on results obtained with 


18 


this technique was made in 1940.1" Craig,'* in a personal communication, stated 
that he is now extending this operation to various supradiaphragmatie levels. 
The technique of Peet’? which, according to his latest personal communication, 
is still the original supradiaphragmatic retropleural approach, done in one 
stage, removes the splanchnic nerve from the eighth dorsal segment to the 
diaphragm and the chain from the eighth to the twelfth dorsal segment, in- 
elusive. Smithwick®® combined the two approaches by a transdiaphragmatie 
route and removes the splanchnic nerve from the eighth dorsal segment to the 
celiac ganglion and the chain from the eighth dorsal segment to at least include 
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the first lumbar segment and often the second, Ie, too, has done high dorsal 
svympathectomies of late. Hinton*! advocated a transpleural approach through 
the tenth rib, and he removes the splanchnie nerve from the fifth dorsal segment 


to the celiae ganglion, the chain from the third dorsal to the third lumbar 


segment. Grimson,?* in his total sympathectomy, removed the entire splanchnic 


nerve and the sympathetie chain from the stellate ganglion to the fourth lumbar 


segment in two, three, and four stages. 
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Fig. 2.—Extent for sympathetic denervation for hypertension. The approaches of Peet 
and Smithwick are extrapleural, those of Hinton and Grimson are transpleural. Quite recently 
Poppen described an extrapleural approach, with the extent of denervation used by Hinton. 
Drawing based on recent personal communications from these authors 


Obviously the mortality must rise with the extent of the operation and the 


acceptance of malignant or premalignant types of hypertension for operation. 


Since 1940 we adopted the technique of Smithwick?* and most of our present 
operations are based on his procedure except that the twelfth rib is not resected, 
but the eleventh is in its entirety, and that the two adjacent ribs are approxi- 


mated with fine silver wire or No, 1 chromie catgut. The removal of the major 


splanchnic nerve from the mid-thoracie level to the tip of the celiae ganglion 
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and of the sympathetic chain from the ninth dorsal to the twelfth lumbar 


ganglion inclusive is considered the minimal procedure. Nothing less than this 
is considered sufficient and it is felt that the postural hypotension which results 
from the addition of the lumbar svmpathectomy is an important part of the 
operation. An extension of this procedure to include the dorsal sympathetic 
chain to the third or second dorsal ganglion seems indicated, when the hyper- 
tensive damage is far advanced, when there is considerable cardiae damage or 
angina, but its disadvantages are also obvious. In the first place, the trans- 
thoracic approach through the tenth or the eighth rib carries a much higher 
morbidity than the retropleural approach; the number of pleural effusions, 
atelectases, and massive collapses is much greater. Second, such patients, 
especially if they have a tendency to sweat, perspire profusely in the neck 
and face and their heat-regulating mechanism is considerably upset. Third, 
the section of the cardiae accelerators, whieh run in part through the upper 
dorsal svmpathetie ganglia, prevents the postural tachyeardia or the tachyveardia 
following lunge collapse and thus decreases the minute volume of the heart. 
This may throw a_ perfectly eapable heart, whose venous. return has been 
markedly decreased by the splanchnie section, into failure, resulting in pul- 
monary edema. Such was the ease in a 50-year-old army officer, in whom a 
bilateral transthoracie sympathectomy, with removal of the chain from the 
third dorsal to the first lumbar level on both sides resulted in an acute heart 
failure immediately after the second stage. 

One of us (O. C. J.) has been performing the high transpleural sympathee- 
tomies, without gaining the impression that the results were any better, but 
recently we have become impressed with the suggestion of Poppen and Lemmon*4 
who add the resection of the eighth rib to the eleventh and remove the svm- 
pathetic ehain between the third or fourth dorsal to below the second lumbar 
segment retropleurally. If one were certain that the addition of the higher 
segments is essential, this might become our routine procedure, but not enough 
time has elapsed to warrant the adoption of this procedure except for experi- 
mental purposes. 

POSTOPERATIVE COMPLICATIONS 

Elsewhere two of us (KE, FL. F. and G. de T.) will report on postoperative 
complications in detail. 

CARDIOVASCULAR ACCIDENTS 

Cerebrovascular accidents were observed in three patients, two of whom 
had visual phenomena and one a full-blown cerebral thrombosis. Coronary 
thrombosis was seen in one patient and coronary insufficiency occurred in five. 
We have seen no postoperative uremia, possibly because of our practice of not 
operating on patients with less than 50 per cent of the normal urea clearance 
(20 ¢.c. of urea clearance per 100 ¢.c. of blood ). 

These are probably inavoidable sequelae in a group suffering from advanced 


cardiovascular disease. 
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PULMONARY COMPLICATIONS 


Residual pneumothorax, atelectasis, and atelectatic pneumonia are pre- 
dominantly dependent upon expert anesthesia which unfortunately is still not 
uniformly available. In most institutions, the director of anesthesia is fully 
trained and highly skilled, but the training program of anesthesiology has made 
an executive out of him with inexperienced residents actually administering 
intratracheal, positive-pressure anesthesias. This needs emphasis because our 
morbidity and mortality as observed in three separate series seems to depend 
mostly on the type of anesthesia the patient receives. Two deaths in 250 
patients occurred on the operating table and were deaths from anesthesia. 

Intereostal neuralgia, alone the course of the resected eleventh rib, has been 
a real problem. Neither cutting, crushing, or injecting the nerve, nor leaving 
it intact or teasing it out with resection of the posterior root ganglion has 
seemed to make any difference. We have also tried paravertebral novoeain 
injections and x-ray to the paravertebral ganglia with indifferent results. Dis- 
tinct from this pain which radiates ventrally and caudally along the course of 
the nerve is a severe continuous back pain, somewhat relieved by a fracture 
hoard, which seems to be due to a muscular insufficiency of the back. The sacro- 
spinalis muscle, this potent splint of the spinal column, loses some of its attach- 
ments to the lower ribs when it is dissected medially and retracted. Many pa- 
tients have spinal arthritis which seems to flare up, having lost some of the 
splinting support. If the vertebral end of the rib is not resected and the long 
museles of the back are as little disturbed as possible, this type of pain does not 
seem to occur as often. 

Postural hypotension, postural dyspnea, and postural tachyeardia are pres- 
ent with adequate denervation but are not disturbing after six to eight weeks. 
We have not found it necessary to preseribe elastic corsets and hose, but simply 
warn the patient not to rise suddenly and to keep moving. Shaving in front of 
a mirror in the standing position must be avoided for two months. Postural 
dyspnea is probably a mild coronary insufficiency due to poor venous return. 
Postural tachyeardia is a usefuk compensatory mechanism to make up for the 
diminished stroke volumes which are demonstrable with the oscillometer. Its 
elimination by total sympathectomy has been demonstrated by Grimson*’ but 
we are not convineed that a slow pulse under these conditions is of any advantage. 

The subject of sterility in the male has been recently studied by Poppen 
and Lemmon.** It is certain that many hypertensive patients are impotent prior 
to operation; it is also true that this question should not be discussed unless the 
patient himself brings it up. Otherwise a psvehie inhibition is bound to com- 
plicate matters. One of us (G. de T.), with Helfrich,?® has presented evidence 
that motile spermatozoa may be present after resection of the dorsolumbar chain 
and the splanehnie nerves. 

Lately attention has been focused on the fact that the visceral sensory affer- 
ent fibers of thé upper abdomen are sectioned by sympathectomy for hyperten- 
sion so much so that one of us (G@. de T.), with Walter,?* has recently reported 
the performance of splanehnie nerve seetions for intractable panereatie pain. 
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Other reports indicate that painless perforations of the duodenum may occur,** 
or that reactivation of a gastric uleer with massive hemorrhages can follow’? 
splanchnic nerve section. We have not observed such a complication in this 
series and wish to emphasize that as soon as a peritoneal involvement occurs, 
somatic sensory stimulation would give danger signals. The increased gastro- 
duodenal peristalsis which follows splanchnic section seems not to be experienced 
by the patients but lack of appetite or nausea at the smell of food may oceur. 
Tineture of belladonna inhibiting the vagal preponderance eliminates such 
symptoms. 

The mortality in this series was 2 in 250 patients, less than 1 per cent. As 
stated before, both patients died during the operation, obviously from bronchial 
obstruction. In the series of two institutions, there has been no mortality, 
whereas in the third institution the department of anesthesia is just being 
reorganized. 

OUR RESULTS 
This report is based on the study of 250 hypertensive patients who can be 


grouped as shown in Table I. 


TABLE I. GROUPING OF PATIENTS OPERATED Upon, 1934 To 1946 


GROUP NUMBER PATIENTS 
] 55 
2 171 
3 v4 
Total 250 


Of the 250 patients, 2 were lost as a result of anesthetic deaths on the operat- 
ing table, which is our only mortality. None in Group 3 survived more than 
114 years. Out of the remaining patients, 202 are available for study. The 
operations were analyzed as resulting in failures, dubious benefit, marked benefit, 
and complete remission. Failure was recorded when the blood pressure returned 
shortly or within a year to the preoperative level and symptoms were uninflu- 
enced. Dubious benefit was noted when the results were not clear-cut. Symp- 
tomatie relief was present, but neither heart size nor electrocardiogram improved 
and blood pressure was not markedly lowered. Marked benefit was registered, 
when the blood pressure was stabilized at a diastolic level between 100 and 110 
mm. of mereury when symptoms subsided and working ability was restored. 
Complete remission of hypertension was recorded when blood pressure returned 
to below 140/90 mm. of mereury for at least one year, when symptoms subsided, 
and when earning power was fully restored. 

Our results were recorded according to the groups of hypertension and the 
four types of results. Of the 202 patients analyzed, the 139 patients, or 69 per 
cent of the total had either a complete reduction of blood pressure to normal or 
showed marked benefit and were regarded as having successful results. The 
patients showing dubious benefit or failure were also lumped together making 63 
patients, or 31 per cent of the total. Breaking them down into the three groups, 
the results were obtained as shown in Table IT. 
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TABLE II. RESULTS OF SPLANCHNIC NERVE SECTION FOR ESSENTIAL HYPERTENSION 
IN 202 PATIENTS (FOLLOW-UP FROM ONE TO SIX YEARS) 


SUCCESS FAILURE 
GROUP NUMBER CASES (PER CENT) (PER CENT) 
l So 85 15 
2 13 to 23 
3 24 0 100 
Total 2()2 69 31 


THE ANALYSIS OF FAILURES 


We have then 31 per cent failures, and the majority of these can be re- 
varded as due to poor case selection. The results in all of the twenty-four 
patients belonging to our third group were failures and for several years now 
the patients with malignant and premalignant types of hypertension have been 
regarded as inoperable and refused operation. It should be mentioned that both 
Peet and Isberg®? and Smithwick?? record good results in eases of malignant 
hypertension, but it is our feeling that the malignant phase there was based 
alone on papilledema. We too have some startling results in a few patients with 
papilledema, but no corresponding vascular damage in retinal, cardiac, or renal 
vessels. Papilledema and high spinal fluid pressure per se do not place these 
patients in the inoperable group. 

The analysis of failures indicates three reasons for the lack of suecess. Poor 
ease selection has already been commented on. Insufficient denervation (less 
than the classic Smithwick procedure) seemed to be present in seven patients, 
and it was possible in three to improve the results by more extensive denerva- 
tion. This was especially striking in one patient, in whom an infradiaphrag- 
matic splanchnicectomy was done elsewhere, five years before, with not even a 
temporary reduction in pressure and in whom five years later a generous supra- 
diaphragmatic resection resulted in marked benefit (grade II result). 

In our first and second groups, there are nineteen patients, in whom shortly, 
or at least within one year, a recurrence or a dubious result was noted and of 
these the six failures noted in Group 1 are most important. These were young 
individuals with all the eriteria of a vasospastie nonorganie arteriolar involve- 
ment, who were sufficiently denervated and vet showed a progressive arteriolar 
disease uninfluenced by operation. 


TABLE III. ANALYSIS OF FAILURES IN SIXTY-THREE PATIENTS, 1940 TO 1946 


CASES 
GROUP NUMBER PER CENT OF TOTAL REASON 

1 8 15 Insufficient denervation 2 
Unexplained 6 

2 ou 25 Insufficient denervation 5 
Heart failure 7 

Stroke 6 

Unexplained 13 

3 24 100 Poor case selection . 


*The third group has been regarded as inoperable since 1942. 
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The causes for failure here are mostly speculative, although some suggestive 


data are accumulating. In the first place, it is possible that pleochromocytomas 
or cortical adrenal tumors have been overlooked. In the high transthoracic 
tapes of approach, this might be all the more possible since one cannot explore 
the subdiaphragmatie structures. Second, a corticoadrenal activity may well be 
the dominant factor in some hypertensions even without visible or palpable en- 
largement and it is not known that splanehnie section would influence such a 
process, which no doubt is mediated through the corticoadrenal hormone of the 
pituitary. Finally, we have seen and reported the case of one patient® who 
showed no reduction in blood pressure following splanchnie section, who died 
suddenly, two years after operation, at the age of 22 years, and in whom a com- 
plete autopsy revealed no anatomie cause for death or for the hypertension. 

In our present state of knowledge, then, we must admit that a certain small 
group of patients, even although their organie damage is slight, does not respond 
to splanchnic nerve section and that future work will have to elucidate the 


mechanism of this type of hypertension. Sueh work is now in progress. 


SUMMARY 


A group of 250 patients have been followed for at least one year and not 
more than six, in whom the minimal procedure consisted of a total splanchnic 
nerve section with removal of the svmpathetie chain above the ninth dorsal and 
below the second lumbar ganglia. More extensive procedures were tried in a 
selected group of patients but nothing can be said as yet about their being 
superior; the morbidity certainly rises with their use. The patients were grouped 
as being in an early, marked, and too advanced stage. For five years now none 
of the last group has been accepted. There were two anesthetic deaths in this 
series and no postoperative mortality. The results were excellent in the first, 
fair in the second, and poor in the third group. The possible role of a cortico- 
adrenal factor in the maintenance of essential hypertension is stressed in such 


early cases in which splanchnic section has not been successful. 
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PORTACAVAL ANASTOMOSIS 


ArrHurR H. Buakemore, M.D., New York, N. Y. 


(From the Department of Surgery, Presbyterian Hospital) 


HE operation of establishing an anastomotic junction between the portal and 

aval systems (portacaval shunt) for the relief of portal hypertension has 
now been accomplished by us in thirty-six cases. There have been five post- 
operative deaths. Aside from the development of technique, the experience 
has profited us most in the selection of cases for operation, the preparation 
of patients for operation, and their postoperative care. 

Analysis of the five postoperative deaths and their contributions to our 
knowledge would seem worth while. One death from hemorrhage at the conelu- 
sion of the operation served, early in our experience, to emphasize the necessity 
for careful hemostasis. In this case a small vein in the great omentum had been 
torn and gone unobserved for a considerable period during the latter part of 
the operation. 

Mesenteric thrombosis was the cause of death on the sixteenth postoperative 
day in a ease of Banti’s syndrome with a splenorenal anastomosis. This case 
was indeed a serious challenge to us of the advisability of continuing with the 
portacaval shunt procedure. <A eritical analysis of the case, however, revealed 
several points of interest: First, the anastomosis had been performed with 
meticulous eare as to good blood vessel technique, asepsis, ete. It had been noted 
at the time, however, that the splenic vein was very large, thin walled, and sac- 
culated in areas whereas in other areas there were sclerotic plaques and in some 
places reduplication of the intima. Upon opening the anastomosis, blood was 
seen to flow from the splenic vein to the renal vein. The patient was allowed 
to be ambulatory early postoperatively and on about the sixth postoperative day 
distention of the abdomen with gas became progressively worse. This was fol- 
lowed by the appearance of ascites and increasing pain. Finally, by the four- 
teenth postoperative day the patient had a high temperature and during the 
next two days became moribund. We have noted in some other cases of Banti’s 
syndrome degenerative changes in the splenic vein but not nearly so extensive 
as in this ease. Largely on account of this fact we have instituted anticoagulant 
therapy postoperatively in cases where we can attain a reasonably dry operative 
field. With the organization of an anticoagulant team in the Presbyterian Hos- 
pital we have been able to earry out this therapy without serious mishap. 

The case of mesenteric thrombosis served to point up two other factors in 
the postoperative handling of cases of portacaval anastomosis, namely: (1) con- 
trol of postoperative distention, and (2) avoidance of early mobilization. It is 
our belief that a ehange in position from lying to upright before the soft tissues 
about an anastomosis have become stabilized by healing may well result in a 
slight shift of the soft parts, sufficiently to angulate or occlude by compression 
the anastomosed veins. Furthermore we are convinced that severe distention of 
the abdomen may accomplish the same undesirable result. 





Presented at the annual meeting of the Society for Vascular Surgery, Atlantic City, N. J., 
June 9, 1947. 
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We find that severe postoperative distention can be avoided in the average 
ease by the administration of Prostigmine and the use of a rectal tube at four- 
hour intervals. If the stomach is distended at operation we do not hesitate to 
pass a well-lubricated nasogastric tube and leave it in place connected with suc- 
tion for a day or two postoperatively. 

A third postoperative death was caused by cardiae failure. This was a case 
of Banti’s syndrome in a 67-year-old woman who also suffered from hypertensive 
cardiovascular disease. The patient died on the fourth postoperative day. In 
retrospeet we wonder if the patient would have benefited from early digitalization. 

Our first major error in clinical judgment in the selection of eases for 
operation arose in a ease of posthepatitis cirrhosis. A brief summary of this 
case serves to emphasize important factors governing the selection of cases for 


operation in this important group. 


CASE REPORT 


A 39-year-old man, in late February, 1945, developed epigastric discomfort, anorexia, 
and diarrhea with the passage of clay-colored stools. Coincident with these symptoms he 
developed pain and swelling of the legs. 

The patient was admitted to the Presbyterian Hospital, March 7, 1945. On examination 
he was found to be slightly jaundiced. ‘Two small tender nodules were noted, one in each 
thigh. Biopsy of one of the nodules proved it to be due to sporotrichosis. Further laboratory 
studies revealed a serum bilirubin of 4.5 mg. per cent, serum phosphatase 9.1, Bodansky units, 
cephalin flocculation test 3+, serum albumin 2.4 per cent; serum globulin 5.4 per cent; euglob- 
ulin 2.5 per cent; Kline 4+, Wassermann—alcoholic negative, cholesterin 3+. The prothrombin 
time was 75 per cent of normal. The patient had an afebrile course in the hospital but the 
jaundice and anorexia persisted. One month after admission the legs were swollen, ascites 
was present, but the liver and spleen could not be palpated. Laboratory findings were as 
follows: cephalin flocculation 3+, erythrocyte sedimentation rate 9.2, hemoglobin 13 Gm., red 
blood cells 4,810,000, white blood cells 4,550, platelets 140,000, prothrombin time 73 per cent of 
normal, serum bilirubin 3.5 mg. per cent, serum protein 7.8 per cent, albumin 2.2 per cent, globu- 
lin 5.6 per cent. May 8, 1945, esophograms were negative for esophageal varices. May 15, 1945, 
following a short period of periumbilical distress, the patient passed four bloody stools, the 
hematocrit fell to 29, hemoglobin, 8.5 Gm., and red blood cells 2,650,000. This first bleeding epi- 
sode occurred exactly three months after onset of the patient’s illness. Fourteen days after on- 
set of hemorrhage a repeat esophogram revealed the presence of esophageal varices. The serum 
albumin fell to 1.9 per cent and the prothrombin time to 50 per cent of normal. Bromsulfalein 
retention thirty minutes after injection was 50 per cent. Intravenous hippuric acid liver 
function test revealed 0/6 Gm. excreted at the end of one hour, The patient’s course after 
n 21% months’ stay in the hospital was, from every point of view, progressively downhill and 
this in spite of everything a medical regime had to offer. The occurrence of gastrointestinal 
bleeding plus the subsequent demonstration by x-ray examination of the presence of esophageal 
varices was proof of the presence of portal hypertension secondary to periportal fibrosis in 
the liver. 

In view of these findings we were asked to consider the question of establishing a porta- 
caval shunt. It was our first experience with this type of case and proved to be a bitter one. 
On June 7, 1945, approximately three months after onset of the hepatitis, we operated upon 
the patient, performing an end-to-side anastomosis of the portal vein to the vena cava. The 
patient very promptz:y developed cholemia and was dead on the third postoperative day. 

The most informative necropsy findings were in the liver. This organ presented the 
picture of a healing subacute yellow atrophy (hepatitis) in which areas of nodular cirrhosis 
were interspersed with the areas of liver cell degeneration. There was no evidence of systemic 


sporotrichosis. 
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Whereas, from the clinieal course prior to operation, it seems very improb- 
able that this man would have recovered, on the other hand, it was an error to 
have operated upon him when we did. The persistently elevated cephalic floceu- 
lation test should have warned us of the presence of active hepatitis. The pro- 
gressive fall in serum albumin to an extremely low level, the rise of the pro- 
thrombin time to high levels, and the marked retention of bromsulfalein were 
additional warnings of serious liver decompensation. The wiser course to have 
pursued in this case would have been to have replaced the blood losses from 
hemorrhage by transfusions with the hope that he would recover sufficient liver 
compensation to withstand a portacaval shunt procedure at some subsequent 
date. This case came along early in our experience, subsequently we have oper- 
ated successfully upon a fair number of patients with posthepatitis cirrhosis. 
Unfortunately, it would seem that cirrhosis with portal hypertension is not an 
uncommon sequela to hepatitis. 

I shall cite a recent case to illustrate that posthepatitis cirrhosis cases 
present the same threat of sudden death from hemorrhage as do cases of portal 
cirrhosis of the avitaminosis (aleoholic) type. 


CASE REPORT 


A girl 18 vears of age in 1941 had infectious hepatitis, slight jaundice, with exacerba 
tions. Four years later (November, 1945) the patient had the first episode of gastroin 
testinal bleeding. This was followed by ascites. In January, 1946, the patient was 
admitted to the Rockefeller Hospital for special study and treatment. She improved gradually 
with total disappearance of the ascites. In the fall of 1946 she had returned to college when 
suddenly, in October, she suffered from a severe hematemesis. In spite of intravenous glucose, 
transfusions, and intravenous liver extract, she lapsed into coma, Gradually after three days 
the coma began to clear. The ascites which had supervened was relieved by one paracentesis 
followed by several intravenous injections of serum albumin. The patient then did well until 
December, 1946, when she had the third episode of gastrointestinal bleeding. Following 
recovery from this, a liver biopsy was done. The liver was found to be markedly contracted 
and studded with large and small nodules. The small areas of regenerated liver cells were 
unevenly distributed with interposing masses of fibrous tissue. On Jan. 9, 1947, the patient 
had another spell of gastrointestinal bleeding at which time the hematocrit fell to 23. In 
spite of five transfusions the patient lapsed into semicoma from which she gradually recovered. 
On March 8, 1947, the patient suddenly developed an unexplained fever. Temperature rose 
0 105° F. Following the fever, ascites supervened which was gradually cleared with intra- 
venous albumin. Unfortunately, however, following the last dose of albumin the patient had 
he fifth attack of gastrointestinal hemorrhage requiring four transfusions. ‘l'o summarize, 
this girl had four episodes of severe gastrointestinal bleeding over a five-month period. The 
spleen had been appreciated as unusually large throughout this period and as evidence of 
hypersplenism she maintained a leucopenia, low platelet count (18,000), and a secondary 
anemia. On the other hand the albumin globulin ratio was not reversed. The serum albumin 
ranging better than 3 per cent, the bromsulfalein retention was only 23 per cent after forty 
five minutes. The disconcerting findings concerning the liver were a maintained + +4 cephalin 
flocculation, the episode of coma, and the more recent (Mareh) unexplained fever in the 
presence of jaundice. The prothrombin time was slightly elevated, a finding which, in view 
of the good serum albumin level, we did not interpret as necessarily indicating liver decom 
pensation. We have recorded moderate elevations of the prothrombin time in eases of portal 
hypertension with ‘*hypersplenism’’ before—even cases of extrahepatic portal block in which 
the liver chemistry was normal. 
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It was decided* that the only hope for the patient was to attempt a portacaval shunt 
with removal of the very large spleen. Accordingly she was transferred to the Presbyterian 
Hospital. Operation was scheduled for May 1 and during induction with ether anesthesia 
the patient developed severe pulmonary edema necessitating postponement of the procedure. 
In view of the prompt recovery and the absence of cardiac pathology it was coneluded that 
the anesthetic (ether) may have precipitated the attack of pulmonary edema. 

During the ensuing twelve days the patient received two transfusions and two 25 Gm, 
doses of albumin intravenously, On May 18, 1947, under cyclopropane anesthesia the spleen 
was removed and the stump of the splenic vein was anastomosed end-to-side by suture, with 
the left renal vein. At operation the liver was found to he severely contracted and nodular. 
The spleen was five times normal size and the portal pressure measured 480 mm, of water. 
The patient’s systemic blood pressure was well maintained throughout the operation and she 
left the operating table in good condition. Heparin was given intravenously at the instant 
of opening the anastomosis and anticoagulant therapy was maintained for nine days post 
operatively, During postoperative convalescence the patient received 500 ¢.c. of blood, 500 
cc. of plasma, and 75 Gm. of albumin intravenously. There were no signs or evidence of 


acute liver failure during convalescence. 


Our fifth postoperative death taught us much concerning the selection of 


cases of portal cirrhosis for operation. The case is deseribed here. 


CASE REPORT 

A 58-year-old man previously had had eight admissions to the Presbyterian Hospital for 
plastic procedures to restore a nose which had partly been destroyed by a gumma. In Novem 
ber, 1945, the patient developed pain in the epigastrium coincident with which ascites appeared. 
He gave a long history of a moderate daily consumption of alcohol with not infrequent sprees. 
He had been treated for syphilis from 1925 to 1941. There was no history of jaundice. 
Appetite had never been good. 

Examination of this patient on admission revealed a large abdomen (ascites) with 
wasting of the soft parts elsewhere. There was no jaundice but numerous spider angiomas 
were present. Following removal of 5,800 ¢.c. of ascitic fluid, a hard liver could be felt just 
at the costal margin. The spleen was not palpable. 

The significant laboratory findings at the time were cephalin flocculation + +++; serum 
protein 5 per cent; albumin 2.7 per cent; globulin 2.8 per cent; prothrombin time 55 per cent 
of normal; bromsulfalein retention thirty minutes, 50 per cent. The presence of esophageal 
varices was demonstrable by x-ray examination. 

After six weeks on a modern cirrhotic medical regime the patient’s appetite began to 
improve. He gained ten pounds in weight. There was a very slight rise in blood proteins 
(albumin 3 per cent, globulin 2.8 per cent) but no appreciable lessening of the ascites, After 
four months’ therapy there was no lessening of ascites. The cephalin flocculation test re- 
mained ++++ ; serum protein 5.8 per cent, albumin 2.9 per cent; globulin 2.9 per cent. After 
five months’ therapy, serum protein was 5.3 per cent; albumin 2.6 per cent; globulin 2.7 
per cent. The unrelenting drain on proteins resulting from the removal of 4 to 7000 ¢.e. of 
ascitic fluid every five to seven days was beginning to show on the total protein figure but 
worse to indicate the progressive decline in liver compensation—for the first time the blood 
albumin content had become lower than the globulin content. 

After nine months’ therapy the patient had no diminution in the ascites. Whereas the 
bromsulfalein retention was 10 per cent less than initially (40 per cent after thirty minutes), 
the blood proteins had consistently decreased (albumin 2.4 per cent, globulin 2.6 per cent). 
The galactose removal constant (intravenous) was 50 per cent of normal (2.2). Interest- 
ingly enough, however, the cephalin flocculation test, which was previously consistently +++ +, 
had decreased to ++. The prothrombin time had not decreased materially over the nine-month 
period of observation. 

On Sept. 26, 1946, approximately eleven months after the first symptoms of cirrhosis 
had appeared in this patient, a splenorenal anastomosis employing the nonsuture technique 

*Dr. Allen Whipple very kindly joined me in consultation at the Rockefeller Hospital to 
help make a decision in this difficult case, 
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was performed. At operation the liver was found to be nodular and extremely atrophie, The 
spleen was fibrotic and approximately three times normal size. Measurement of the portal 
pressure revealed it to be in excess of 390 mm, of water. 

The patient was given ether anesthesia. Early in the operation the blood pressure began 
to fall in spite of more than restitution of the blood loss. All in all the operation was accom 
plished with minimal bleod loss and in record time, in spite of which the patient was in poor 


condition at the close of the operation. 
The patient lived four days postoperatively, the last thirty-six hours of which he was 


ineoma. The clinical picture was of a failing liver. 


Reviewing the case in retrospect, there is no denying that the patient was 
doomed without operation. He had had thirty-nine paracentesis and for months 
had begged for surgical relief. Whereas he was entitled to an attempt at surgi- 
eal relief the important question arises, what could we have done to increase the 
chances of his survival?) We now know of several things we might have done 
to increase this man’s chances of surviving a portacaval shunt procedure: (1) 
The use of cyclopropane anesthesia. We are now convinced that this is by far 
the best anesthetic for poor-risk patients with cirrhosis. (2) Preoperative and 
postoperative intravenous albumin therapy. We now have evidence that a blood 
albumin raised to a figure in excess of 3 per cent in a badly cirrhotie liver by 
the intravenous administration of albumin is likely to maintain this rise for a 
considerable period of time, that is, a period of time far in excess of that which 
ean be accounted for on the basis of the amount of albumin in grams given. 
(3) The early use of Prostigmine at four-hour intervals postoperatively for the 
control of distention. 

In conclusion we may summarize some of the most important information 
we have gleaned from our experience as follows: (1) The necessity for serupu- 
lous hemostasis and the desirability of postoperative anticoagulant therapy. (2) 
The avoidance of operation in the presence of active hepatitis in cases of cir- 
rhosis secondary to hepatitis. As our experience has shown, cirrhosis with 
evidence of portal hypertension may occur in some eases of infectious (virus) 
hepatitis before the latter is subsided. (38) The avoidance or postponement 
of operation in eases of cirrhosis, whatever the cause, when the liver is 
bordering on decompensation. It is not safe to rely too much on clinical signs 
unless they are confirmed by laboratory findings—jaundice, for example, of a 
slight degree may come and go in patients with cirrhosis but a deepening 
jaundice with an elevated cephalin flocculation would caution me to delay. Fur- 
thermore, it is true that some cirrhotic patients may have the most extreme 
depression of blood albumin, bromsulfalein, and other tests without a trace of 
jaundice. The sudden appearance of telangiectasia (spider angiomata) would 
justify a resurvey of the liver status before proceeding with operation. 

In general, a patient with chronic eirrhosis who consistently shows an albu- 
min between 2.5 and 3 per cent with a bromsulfalein retention in excess of 40 
per cent thirty minutes after injection with or without an elevated prothrombin 
time is not a good risk for the portaeaval shunt. Unfortunately, all too often 
such cases present themselves in which operation offers the only ray of hope. 
We now know that many of these patients can be eased through an operation 
successfully after a few weeks preparation with intravenous albumin, blood, and 
an intensive liver regime, followed by a careful postoperative handling. 
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I1t, A GrENERAL DISCUSSION 


Harris B. SHumacker, Jr., M.D., INDIANAPOLIS, IND. 


(From the Department of Surgery, Yale University School of Medicine, New Haven, Conn. 


} jew painful condition following injury of peripheral nerves which we recog- 
nize as ecausalgia must have occurred from the earliest times. Its incidence 
in civilian life has undoubtedly been increased by the dangers associated with 
the more general and widespread use of industrial machinery, rapid means of 
transportation, and similar hazardous accompaniments of our modern eiviliza- 
tion. It is a disorder, however, which has confronted the medical profession 





in particularly large numbers periodically as we have allowed ourselves to 
become embroiled in mass warfare. As each succeeding war tends to result in 
larger numbers of nonfatal battle casualties and as improved methods of treat- 
ment result in the conservation of more and more injured extremities, the 
problem of causalgia becomes of increasing military importance. 

It is my purpose to discuss some general aspects of the problem of causalgia 
in the light of the early contributions and of recent studies. An attempt will 
he made to clarify the eclinieal picture and the treatment, and to make some 
comments concerning theories of the basie mechanism of pain. I shall also try 
to point out certain lines of investigation which T feel may contribute to our 
further understanding of this disorder. 

I do not know who first observed and recorded this clinieal syndrome. Cer- 
tainly Denmark,' in 18138, described some features of the condition very ae- e 
eurately. Speaking of a soldier who had sustained a radial nerve injury from 
a musket-ball wound of the arm, he said: 


[I found him labouring under excessive pain, which the largest opiate could 


not assuage. ... The little sleep he had, if it could be called such, was disturbed 
by frightful dreams and starting. ... He described the sensation of pain as begin 


ning at the extremities of the thumb and all the fingers, except the little one, 
and extending up the arm to the part wounded. It was of a burning nature, he 
said, and so violent as to cause a continual perspiration from his face. He had 
an excoriation on the palm of the hand, from which exuded an ichorous discharge. 
The cause of this he aseribed to a shell rolling over it. His agonies, he observed, 
were insufferable, depriving him of sleep, and the enjoyment of his food, for whieh 
he had sometimes an appetite. He declared himself incapable of enduring it longer 


without some relief, and earnestly requested the removal of the arm. 


The author further pointed out that touching or moving passively the af- 
fected hand caused exacerbation of the pain. After futile efforts to alleviate the 
pain with an amputa- 
tion was earried out with complete relief. Denmark had diseussed with the 


? 


ce 


warm and vapour baths, anodyne embroecations, ete.,’ 


patient ‘‘the possibility of saving the limb, and relieving the pain, by cutting 


down upon the nerve, and removing a part of it, above the wound 
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In 1838 Hamilton? deseribed a peculiar redness of the skin, swelling, and 
contractures in certain cases of intense pain associated with partial paralysis of 
peripheral nerves. From the account of his patients it is evident that they were 
not examples of true causalgia as we now recognize this state. 

Paget in 1864 described fully the glossy skin which may be associated with 
eausalgia and pointed out its association with pain 


Glossy fingers appear to be a sign of peculiarly impaired nutrition and 
circulation due to injury of the nerves. Thev are not observed in all eases of 
injured nerves, and I cannot tell which are the peculiar conditions of the cases 
in which they are found; but they are a very notable sign, and are always 
associated, I think, with distressing and hardly manageable pain and disability. 
In well-marked cases, the fingers which are affected (for this appearance may 
be confined to one or two of them) are usually tapering, smooth, hairless, almost 
void of wrinkles, glossy, pink or ruddy, or blotched as if with permanent chil 
blains. They are also very painful, especially on motion, and pain often extends 


from them up the arm. 


Though Paget recognized the association of glossy skin and a painful state, 
there is nothing in his discussion which would lead one to believe that he reecog- 
nized or referred to the peeulair condition which we know as causalegia. 

In the same year appeared the monumental treatise on Gunshot Wounds 
and Other Injuries of Nerves by Mitchell, Moorehouse, and Keen* whieh con- 
tained their classic account of the disorder to which Mitchell subsequently ap- 
plied the term ‘‘causalgia.’* So vivid is their depiction of the condition that I 
feel justified in quoting them at some length. 


For these very reasons we have set apart for distinet consideration that 
kind of pain which we have before spoken of as burning pain. It is a form of 
suffering as yet undescribed, and so frequent and terrible as to demand from us 
the fullest description. ... The terms here used may seem strong to those who 
have not encountered these cases; but no one who has seen them will think that, 
as regards some of them, it would be possible to overstate their most wretched 
condition. 

We have some doubt as to whether this form of pain ever originates at the 
moment of the wounding; but we have been so informed as regards two or three 
eases. . .. Certain it is that, as a rule, the burning arises later, but almost 
always during the healing of the wound. 

The seat of burning pain is very various; but it never attacks the trunk, 
rarely the arm or thigh, and not often the forearm or leg. Its favorite site is 
the foot or hand. In these parts it is to be found most often where the nutritive 
changes are met with; that is to say, in the palm of the hand, or palmar sur 
face of the fingers, and in the dorsum of the foot: searcely ever on the sole of 
the foot or the back of the hand. Where it first existed in the whole foot or 
hand, it always remained last in the parts referred to, as its favorite sites. 

The great mass of sufferers described this pain as superficial but others 
said it was also in the joints, and deep in the palm. If it lasted long, it was 
referred finally to the skin alone. 

Its intensity varies from the most trivial burning to a state of torture, 
which ean hardly be credited, but which reacts on the whole economy, until the 
general health is seriously affected. 

The part itself is not alone subjeet to an intense burning sensation, but 


becomes exquisitely hyperaesthetic, so that a touch or a tap of the finger in 
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creases the pain. Exposure to the air is avoided by the patient with a care 
which seems absurd, and most of the bad cases keep the hand constantly wet, 
finding relief in the moisture rather than in the coolness of the application... . 

As the pain increases, the general sympathy becomes more marked. ‘The 
temper changes and grows irritable, the face becomes anxious, and has a look 
of weariness and suffering. The sleep is restless, and the constitutional con 
dition, reacting on the wounded limb, exasperates the hyperaesthetic state, so 
that the rattling of a newspaper, a breath of air, another’s step across the 
ward, the vibrations caused by a military band, or the shock of the feet in 
walking, give rise to increase of pain. At last the patient grows hysterical, if 
we may use the only term which covers the facts. He walks carefully, carries 
the limb tenderly with the sound hand, is tremulous, nervous, and has all kinds 
of expedients for lessening his pain. In two cases, at least, the skin of the 
entire body became hyperaesthetic when dry, and the men found some ease 
from pouring water into their boots. They said, when questioned, that it made 
walking hurt less; but how or why, unless by diminished vibration, we cannot 
explain. One of these men went so far as to wet the sound hand when he was 
obliged to touch the other, and insisted that the observer should also wet his 
hand before touching him, complaining that dry touch always exasperated 
his pain. 

Cold weather usually eased these pains; heat and the hanging down of the 
limb made them worse. Motion of the part was unendurable in some of the 


excessive 


very worst cases; but, for the most part, it did no harm, unless si 
as to flush the injured region. 

The relations of burning pain to altered nutrition already received atten 
tion from us. It appears quite certain that in cases of glossy skin, burning al 
ways exists. It is also certain that it may exist without association with 
diseased skin; but that in these instances the evidence of depraved nutrient 
states will be very likely to follow upon the pain, should that symptom last 
very long. 

The temperature of the burning part we have always found to be higher 
than that of surrounding parts, or than that of corresponding points on the 
other half of the body. 


Mitchell and his associates elaborated further upon the glossy skin pre- 
viously deseribed by Paget. They found the skin deep red or red and pale in 
patches, the epithelium often partially denuded, leaving the cutis exposed in 
places, the subeuticular tissues generally shrunken, the integument tightly drawn 
and often cracked. They described the skin as ‘‘shining as though it had been 
skillfully varnished.’’ In most patients the affected part was devoid of hair. 
In some a vesicular eezematous eruption was present, often recurring from time 
to time. The nails were curved with extreme lateral arching, with thickening of 
the skin underneath the end of the nail, and sometimes with retraction of the 
proximal end so as to leave sensitive matrix partly exposed. In their experience 
causalgia always occurred in cases of partial, and never in cases of complete, 
division of nerves. In the description of affected cases, darting, pricking, 
tingling, and other pains were deseribed in addition to burning. 


FURTHER COMMENTS ON THE SIGNS AND SYMPTOMS OF CAUSALGIA 


From the foregoing it is apparent that causalgia as originally described 
was characterized by the following features: pain of varying intensity and pre- 
dominantly burning in character, coming on some time after incomplete injury 
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to a peripheral nerve, felt chiefly in the periphery of the affected extremity, 
exacerbated by touching the part, dependency, jarring, emotional excitement, 
dryness, and generally by heat, relieved somewhat by wetness and cold, associ- 


ated usually with glossy, red, blotched skin, always comparatively increased in 
warmth, and leading in many instances to emotional instability. In its essen- 
tials this has remained an accurate description of the condition. In eertain 
details, however, further experience has revealed aberrations from this original 
account. lor example, it has been evident for some time that the affected 
hand or foot is not invariably warmer, but sometimes colder, than the contra- 
lateral one. 

Elsewhere my associates and I® have presented our experiences with regard 
to the signs and symptoms of causalgia. Much valuable information concern- 
ing the clinical features of this disorder has been presented in other reports of 
eases which were studied in the Armed Forees during World War II. It may 
be profitable to analyze these data. 

As experience with causalgia has increased through the vears it has become 
a generally accepted fact that this condition is particularly prone to occur fol- 
lowing injury of the median or sciatic nerve. There was some involvement of 
the median nerve in 39 of our 49 cases of causalgia of the upper extremity, and 
of the sciatic nerve in 34 of 41 eases involving the lower extremity, while the 
tibial or peroneal divisions were affected in an additional 5 cases. It is of inter- 
est, however, that the ulnar nerve was injured in this series almost as frequently 
as was the median (37 cases as compared with 39). I have listed in Table I the 
In 80 of the 97 cases of 
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available data on 230 recently reported cases. 
causalgia of the lower extremity (82.5 per cent) the sciatic nerve was injured 
while the tibial and peroneal nerves were damaged alone or in combination in 11 
of the remaining cases. In the upper extremity the median nerve was affected 
more frequently than any other nerve though the brachial plexus and various 


TABLE I. NERVE LESIONS IN CAUSALGIA 


AUTHOR AND NUMBER OF CASES REPORTED 


SHU- 
MAYFIELD &| GOODMAN ULNER & KIRKLIN MACKER TOTAL 
NERVES INJURED DEVINE ET AL. MAYFIELD ET AL. ET AL. CASES 
Brachial plexus 1 12 3 14 30 
Median, ulnar, & 3 11 14 
radial 
Median 7 7 9 8 7 58 
Median & ulnar | 3 7 7 18 
Median & radial l | 2 
Radial l | D 
Ulnar ] { 5 
Radial & ulnar 1 1 
Sciatic 6 23 17 oo 79 
Sciatic & ] ] 
saphenous 
Saphenous 3 2 5) 
Peroneal | S 3 
Tibial l 2 3 6 
Tibial & peroneal 4 2 
Femoral 1 1 


Total 15 13 60 52 90 230 

















SHUMACKER, JR.: CAUSALGIA 489 


combinations of its three ehief nerves were involved even more often. In the 
recent war, causalgia occurred more commonly in the upper extremity than in 
the lower. In a total of nearly 400 cases (Table IT) the upper extremity was 
affected in 238, or 60 per cent.*-'” 

TABLE II. INCIDENCE OF CAUSALGIA IN UPPER AND LOWER EXTREMITIES 


EXTREMITIES INVOLVED, NUMBER OF CASES 


AUTHOR UPPER LOWER TOTAL CASES 
Mayfield & Devine 9 6 15 
Ulmer & Mayfield Bt 28 60 
Rasmussen & 82 18 100 

Freedman 
Allbritten & Maltby 23 44 67 
Goodman et al. 1] 2 13 
Kirklin et al. 32 20 52 
Shumacker et al. 49 4] 90 
Total 238 (60%) 159 (40%) 397 


All of the eases described by Mitchell and his associates were examples of 
partial paralysis of nerves and certainly most of those subsequently reported 
have had ineomplete nerve lesions. It has become evident, however, that 
causalgia may oceur following complete paralysis. Pollock and Davis'* observed 
that burning pain occurred once in their series of 38 cases in the presence of a 
complete lesion of the ulnar nerve. Leriche'* and Freeman'® have observed 
causalgia in the distribution of a nerve which had been completely divided, and 
Allbritten and Maltby’? found the nerve completely divided in 2 of their pa- 
tients. In our series of 90 cases the nerve injury was clinically complete in 11; 
these patients had neuromas in continuity, to be sure, and in none was the nerve 
found at operation to be divided with separation of the cut ends. Of perhaps 
similar significance is the fact that division and resuture of nerves is often in- 
effectual in bringing about relief of pain. 

All of the recent observations emphasize the hazard of final evaluation of 
the status of peripheral nerve function from examinations carried out before 
relief of pain. Such examinations notoriously yield unreliable information, the 
apparent extent of nerve damage generally appearing much greater than is 
evident when the examination is repeated after pain has been eliminated. This 
observation is of some importance in reference to the question whether one’s 
initial attack in eausalgia should be directed toward relief of pain or to surgical 
attack upon the seemingly injured nerves. 

Mitchell, Moorehouse, and Keen’s skepticism concerning the occurrence of 
causalgie pain immediately after wounding is not borne out by recent studies. 
It is true that the patient’s memory for details during and immediately after 
such a trying experience may be inaccurate. Nevertheless, approximately 50 
per cent of patients with causalgia stated that the onset of pain was immediate. 
This was true in 36 of 98 patients reported by Rasmussen and Freedman, 44 of 
75 reported by Ulmer and Mayfield, and in 50 of our 90 patients. Most of the 
other patients noted beginning of pain within the first week after injury. 

In all of the patients studied by Mitchell, Moorehouse, and Keen the pain 
was deseribed as burning in character though other types of pain were also 
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often present. It was the constancy of burning pain which led Mitchell to desig- 
nate the clinical syndrome causalgia. Though burning is the usual and charae- 
teristic type of pain, otherwise indistinguishable cases in which the patient does 
not deseribe the pain as burning are occasionally seen. This absence of burning 
was found in about 10 per cent of the patients studied by Kirklin, Chenoweth, 
and Murphy and in 4.4 per cent of our patients. The only report with which 
I am familiar which includes a large number of cases of causalgia without burn- 
ing pain is that of Rasmussen and Freedman; 45 of their 100 patients did not 
have burning. It is of interest that, although these authors stated that the 
clinical picture in these 45 patients was otherwise nearly identical with that in 
the remainder, they also said that the cases of minor causalgia reported by 
Homans were similar to their own. Most authors have not encountered eases of 
major causalgia without burning pain. Burning is certainly the common and 
predominant pain, but a small percentage of patients are seen who have no 
burning and are in every other respect suffering from typical ecausalgia. I do 
not feel that the absence of burning in such eases precludes a diagnosis ot 
causalgia though etymologically the term is not strietly applicable to them. 

In the original account it was pointed out that some relief of pain generally 
resulted from wet applications and often from exposure to cool weather. Such 
alleviation from moisture and cold has been encountered subsequently in a 
variable percentage of cases. Ulmer and Mayfield found that 68 of 75 patients 
experienced some relief and only 7 noted no effect from moisture. Almost one- 
half of the patients of Kirklin, Chenoweth, and Murphy obtained some ameliora- 
tion of pain from local use of a wet cloth. Forty-four of the 100 patients studied 
by Rasmussen and Freedman had tried cold wet applications on their own 
initiative; 35 noted partial relief and 9 no effect. In our own series, alleviation 
of pain from moisture was experienced by only 17 of 90 patients. It has been 
the common finding that those patients with vasodilatation are apt to prefer 
cold and those with vasoconstriction warmth.? Vasodilatation of the injured 
extremity was present in most of the patients of Rasmussen and Freedman and 
three-fourths of them had less pain on cool rainy days. Fifteen of our patients 
obtained some relief from cold wet applications or from cool weather; 12 had 
some increase in warmth of the affeeted hand or foot. Four of the 7 patients 
who had amelioration from warm moist poultices or from warm weather-showed 
evidence of vasoconstriction. It must be coneluded that wet applications are by 
no means always effective in providing partial relief. Though warmth often 
helps those patients with vasoconstriction, and cold those with vasodilatation, 
there are many exceptions. Indeed 64 of our 90 patients noted no amelioration 
of pain from any environmental alteration. Kirklin, Chenoweth, and Murphy 
have emphasized the well-supported observation that such alleviation of pain is 
not a constant nor diagnostie feature of causalgia. 

Though relief of pain from changes in the environment does not appear to 
be a constant feature of causalgia, alleviation of pain during sympathetie anes- 
thesia seems to be characteristic of the disorder. This is a point recently em- 
phasized by Doupe, Cullen, and Chanee.'® I have encountered nothing in 
recent reports or in my own experience to bring into question the validity of 


this feature of causalgia. 
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Kirklin and his associates have called attention to the constancy of exacer- 
bation of pain from certain stimuli in all cases of true causalgia. In their 
experience, moving or touching the affected part, sudden jarring, loud noises, 
and emotional excitement were common causes for marked, sudden increase in 
pain. Our experience is in entire agreement. Touching or tapping the hand or 
foot, moving it passively, or having the patient use it actively were the com- 
monest stimuli causing such reactions. The exaggeration of pain from touching 
the body, noises, hunger, and emotional excitement occurred commonly in the 
severer cases of causalgia and less often in milder eases. 

The pain of causalgia is apparently always constant except perhaps in those 
with the mildest cases and in those who are improving spontaneously or from 
treatment. It is always felt most intensively in the periphery of the extremity 
and commonly only in the peripheral sensory distribution of the affected nerve, 
or predominantly in this area. Numerous examples are seen, however, in which 
the pain is also present outside the area innervated by the damaged nerve. 
Sometimes it tends to spread up the arm or forearm. As Mitchell and his asso- 
ciates originally pointed out, it is particularly likely to be localized on the 
palmar surfaces of the hands and fingers. In contrast to their observation, how- 
ever, we found it was often felt predominantly in the sole of the foot. 

Their belief that glossy skin was especially common in causalgia and that 
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such ‘‘nutritive’’ changes in the skin never occurred in the absence of burning 
pain has not been supported by other studies. Pollock and Davis,’* for example, 
encountered 41 cases of glossy skin unassociated with eausalgia, and found glossy 
skin in only 8 of 38 cases of burning pain. Meige and Benisty’ had felt that 
alterations in the muscles and in the articular and tendinous structures were 
the result of associated vascular lesions. Pollock and Davis, however, noted vas- 
cular lesions rarely in their eases. It has been my experience that glossy, tight 
skin, as well as abnormal curving of the nails, periarticular fibrosis, contrae- 
tures, and marked atrophy of muscles and subcutaneous fat are particularly 
common in combined neurological and vascular lesions. Mayfield and Devine 
and Ulmer and Mayfield pointed out an association of the state of the skin and 
hair with the vasomotor status. According to them, the skin of those in vaso- 
dilatation was usually reddish, dry, and sealy, and the hair long and coarse, 
while in those with vasoconstriction the skin was usually thin, glistening, wet, 
the digits tapered, and the hair diminished. Such observations were noted in 
some of our patients though we did not find this association as commonly as they. 
In our patients, absence of sweating was found to occur particularly in those 
with relatively complete sensory loss, though this was not invariably the ease. 
Mitchell, Moorehouse, and Keen stated that the causalgie limb was always 
warmer than the contralateral one. For some time, however, it has been clear 
that some causalgic extremities present evidence of vasoconstriction. A survey 
of the literature reveals a rather amazing discrepancy concerning the occurrence 
of vasodilatation and vasoconstriction. Among the more recent reports, for 
example, we note that Wan'® found vasodilatation and hyperhidrosis in his 20 
patients, while Goodman, Messinger, and White encountered evidence of sympa- 
thetic overactivity with aggravation of symptoms in a cold environment in their 
13 cases. Three of Mayfield and Devine’s patients had coldness of the hand or 
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foot with thin, glistening skin and excessive sweating, while in 9 there was eleva- 
tion of skin temperature with little or no sweating and increased growth of hair. 
The further report of this series by Ulmer and Mayfield did not give precise 
data concerning the vasomotor status. They stated, however, that those patients 
with vasodilatation generally obtained relief from cold, moisture, and vice versa, 
and that 38 patients preferred cold water, 30 warm water, and 7 noted no effect 
from moisture. Rasmussen and Freedman found that their early eases showed 
evidence of vasodilatation which sometimes persisted as long as six months, but 
that generally after several months moderate vasoconstriction ensued. This 
tendency for vasodilatation of the affected limb in early cases and vasoconstric- 
tion in cases of long standing has been mentioned by some observers in connee- 
tion with other posttraumatic disorders of the Sudeck atrophy type. In the 
experience of others, however, who have recently reported on large series of cases 
of causalgia, no change in vasomotor status has been observed during rather 
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long periods of observation.® 7° My associates and I have made an effort to 
evaluate carefully the vascular status of our patients and though these studies 
were not as comprehensive as we should have desired them to be, I feel that 
they permitted us to detect at least gross aberrations from the normal. We 
were rather surprised to find that about one-third of our patients presented 
evidence of relatively normal vascular tonus. Most of the others had relative 
vasodilatation though some had distinct vasocontriction. The vasoconstriction 
was rarely intense and the vasodilatation not often complete. Indeed, I have 
not found any significant difference in the vascular responses of causalgic 
limbs and of extremities with peripheral nerve injuries without causalgia. 
From the data available it appears that the affected hand or foot is likely to 
have increased warmth in causalgia, just as in the noneausalgic extremity 
with injury of peripheral nerves, that in some cases vasoconstriction will be 
present, and that in a fairly significant percentage the vasomotor tonus will 
be relatively normal. 

The essential diagnostic criteria of causalgia appear to be the presence of 
constant, spontaneous pain following partial or, more rarely, complete injury 
of peripheral nerves, generally, but not always, predominantly burning in 
nature, exacerbated by certain stimuli, and capable of temporary, complete, 
or nearly complete alleviation during sympathetic procaine anesthesia. These 
cardinal points, together with the other features which I have discussed, make 
the diagnosis of causalgia relatively simple, and permit its easy differentiation 
from sueh related disorders as phantom limb and amputation stump pain, 
minor causalgia, Sudeck’s atrophy, and similar posttraumatie vasomotor states. 
Confusion exists only in the ease of the few patients who have atypical causalgia- 
like states in whom one or more of the essential diagnostic findings are absent. 
These cases are difficult to fit into any one of the recognized clinical entities. It 
would appear wise for the present to designate them as eases of atypical 
causalgia. 

TREATMENT 

It is not my purpose to review here all the measures which have been tried 

in an effort to bring about relief in eausalgia. Beginning with the local blister- 
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ing which Mitchell and his associates first employed, almost every conceivable 
ivpe of medication, physiotherapeutic aid, and surgical operation has been given 
a trial. Most of these measures have been followed by unreliable, ineonstant 
results, or have proved entirely inefficacious. Some of them are needlessly de- 
structive, such as the complete division and resuture of an only partially injured 
nerve, extensive posterior root section, and cordotomy. I shall discuss partieu- 
larly the role of sympathetic interruption in treatment, and especially the use 
of repeated procaine blocks and operations upon the ganglionated chain. Though 
successes have been reported with periarterial sympathectomy, this method has 
proved less reliable than the more direct attack upon the sympathetic chain. 

[ feel no hesitation in re-emphasizing the worth of sympathetic interruption. 
Doubt still exists concerning the usefulness of procaine blocks, and though 
patients successfully treated by sympathectomy have been reported in the litera- 
ture from time to time for nearly twenty years, this method of treatment has in 
veneral not found its way into the common source books of 4earning. A survey 
of 5 of the most recent textbooks of neurology,!®-** for example, reveals that such 
methods are mentioned in only one. The comments concerning treatment are 
most discouraging. One states, ‘‘For persistently painful neuritis, and for 
eausalgia, surgical intervention has justified itself. The procedures in vogue 
embrace neurolysis, resection and immediate suture, intraneural injections of 
aleohol, and’ periarterial sympathectomy. With each and all of these, favorable 
results have been seeured.’’ Another advises, ‘‘Section of the nerve and suture 
may be required for permanent relief although the condition often passes away 
spontaneously in several months. Repeated infiltration of the peripheral fibers 
with novocaine may give permanent relief. When all other methods fail; 
rhizotomy or even cordotomy must be employed.’’ In another text we find the 
following, ‘‘The treatment is extremely difficult. Most of the patients become 
addicted to opiates, as no other analgesics give relief. Many complain that the 
contact with the vessel in which the limb is immersed in warm water for relief 
causes more trouble than the relief is worth. When the pain is finally gone (in 
one or two years) or as soon as possible, massage should be instituted. When 
causalgia is due to a neuroma, resection at a higher level may give relief. In- 
jections of acety] choline have been recommended, but in my experience they 
have not produced results. Cobra venom is usually of no avail. When the pain 
finally does cease the addiction must be treated as a separate condition.’’ Still 
another states, ‘‘The satisfactory treatment of causalgia is always difficult. The 
most effective method of relieving the pain is to excise the damaged portion of 
nerve and resuture it. This means, however, substituting for an incomplete 
lesion a complete one, with prolonged and possibly permanent disability. On 
the other hand, if medical treatment is unsuccessful and operation is to be un- 
dertaken months after the injury, excision of the damaged portion of nerve may 
be of no benefit and the pain may persist even after interruption of the spino- 
thalamie tract in the cord. Generally it is wise to begin with medical measures 
and review the position after a month or two. ... If... he is not making prog- 
ress and especially if he is a neurotie individual, surgical treatment should be 
carried out. ... If operative treatment is decided upon, either the damaged area 
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of the nerve must be excised and the nerve sutured, or the nerve must be in- 
jected with aleohol above the level of the lesion. ... If loeal operation fails to 
give relief, section of the posterior roots or the opposite spino-thalamie traet in 
the spinal cord must be considered, but these measures will often prove ineffee- 
tive.’’ The only reference to sympathectomy is the following, contained in a 
discussion of median nerve causalgia, ‘‘Of late dorsal sympathectomy has been 
advocated for eausalgia.”’ 

I have cited these recommendations in no criticism of the authors. Most of 
the extensive experience with sympathetic interruption in the treatment of 
causalgia has been only recently reported. So many methods of treatment, sub- 
sequently proved ineffective, had been eriginally reported as successful that 
these authors may have been justified in overlooking the early ease reports of 
relief from sympathectomy. I have felt, however, that the recommendation of 
often ineffectual and sometimes harmful measures in texts widely consulted by 
students and practitioners emphasizes the need for better understanding and 
broader appreciation of more reliable methods of treatment. 

I do not know for certain who first utilized sympathetie interruption in 
eausalgia. In 1927, after speaking of the good results which he had obtained 
during the preceding ten years with periarterial sympathectomy and excision of 
thrombosed vessels, Leriche** said, ‘‘In ease of failure, or of very diffuse pain, 
section of the rami communicantes would be indicated. I have never had ocea- 
sion to do this. But I have operated in this fashion, as I am going to mention, 
in painful syndromes very like causalgia, and cure has been obtained. I believe 
that one will thus avoid havine to resort to more mutilating rhizotomies and 
cordotomies.’’ In 1929 Petit-Dutailles, Blamoutier, and Peron®’ reported a 
patient with apparently atypical ecausalgia whom they treated first by sectioning 
all the rami between the lower border of the superior cervical and the first 
thoracic ganglia. There was temporary relief after this procedure and after 
periarterial sympathectomy which they next carried out. Finally they excised 
the middle and divided the rami to the lower three-fourths of the superior eervi- 
eal ganglion. Though the patient had residual hyperesthesia of the face and ear, 
the original pain was relieved. In 1930 appeared Spurling’s*®® clear-cut report 
of complete relief of pain following excision of the second dorsal ganglion and 
division of the rami to the first dorsal and stellate gangla. Other cases were 
reported from time to time; for example, Kwan’s** case in which the stellate and 
second dorsal ganglia were excised. Cases such as this one emphasized the real 
value of svmpathectomy, for the patient had previously undergone, without any 
relief, a neurolysis, a brachial periarterial svmpathectomy, and then a further 
neurolysis with excision of an obliterated searred axillary artery. 

It is only within the past few vears, however, that the results of large series 
of eases treated by svmpathectomy are available for analysis. In Table IIT I 
have summarized data coneerning 257 patients recently treated in this manner. 
I have attempted to divide the cases into those with excellent, good, and poor 
results. When the relief of pain has been deseribed as complete, or when only 
trivial pain persisted, or when the author has listed the result of operation as 
affording ‘‘relief’’ without qualification, I have considered the result to be 
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excellent. When there was persistence of some pain but when the patient's 
course was so favorably altered that no further treatment was required, I have 
considered the outcome as good. Under ‘‘poor’’ are listed the few instances of 
trivial relief or of complete failure. Some of the failures undoubtedly occurred 
in examples of atypical and not true causalgia as was the case in the single 
failure in our own experience.® ** It is evident that excellent results were 
obtained in 196 patients, or 76.3 per cent, good results in 54, or 21 per cent, and 
poor results in only 7, or 2.7 per cent. Excellent results are somewhat mort 
frequent in causalgia of the upper (82.9 per cent) than in causalgia of the lower 
extremity (65.6 per cent). In our own experience it appeared clear that the 
results were better in cases of severe causalgia than in the milder cases. Most 
of the recent reports contain no statement concerning this point, but Rasmussen 
and Freedman noted no correlation between the severity of the pain and the 
degree of relief afforded by operation. 


TABLE III. RESULTS OF SYMPATHECTOMY IN CAUSALGIA 


DORSAL SYMPATHECTOMY | LUMBAR SYMPATHECTOMY ALL 
AUTHOR NO, Exc. GOOD POOR NO. Exc. GOOD POOR | NO. EXC. GOooD POOR 

Goodman 11 8) 2 (0) 2, ] l 0 13 10 3 0) 
et al. 

Kirklin et al. 33 24 9 () 15 g 5 | {8 33 14 l 

Rasmussen & 36 26 7 3 5 2 3 0 1] 28 10 3 
Freedman 

Mayfield & 6 6 0 0) 6 6 0) 0 12 12 (0) 0 
Devine 

Ulmer & 30 30 0 () 26 26 0) (0) 56 56 0 0 
Mavfield 

Allbritten & S 5 2 l oe 6 15 ] 30 11 17 2 
Maltby 

Shumacker 34 31 2 l 23 5 8 0 aH 16 10 | 
et al. 

Total I58 13] 22 5 99 65 32 2 257 196 54 7 


Some interesting aspects of the problem have been raised by recent obser- 
vations. According to Rasmussen and Freedman the results of treatment in 
causalgia of the upper extremity were better when a preganglionic rather than 
a postganglionic operation was earried out. Allbritten and Maltby and Ulmer 
and Mayfield have had experiences suggesting that it is desirable and sometimes 
necessary to sympathectomize the area of injury as well as the area to which the 
pain is referred. The former had a patient with a popliteal wound who was not 
relieved by third and fourth lumbar ganglionectomy but obtained complete 
relief after excision of the first and second ganglia. The latter had 3 patients 
with wounds of the buttocks who failed to improve after second, third, and 
fourth lumbar ganglionectomy but had no pain after excision of the first. Two 
others were not relieved by first, second, third, and fourth lumbar ganglionec- 
tomy but were subsequently cured by removal of the eleventh and twelfth dorsal 
ganglia. Kirklin, Chenoweth, and Murphy have questioned the interpretation 
of these results, feeling that it is fanciful to suppose that a few failures are 
dependent upon inadequate extent of sympathectomy when the majority of 
patients with wounds of the thighs and buttocks are cured without excision of 
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the first lumbar or the lower thoracic gangha. I do not think that the two sets 
of observations are incompatible. We know well enough that when the first 
ganglion is included in a lumbar ganglionectomy the skin of the entire thigh 
and leg is sympathectomized according to sweating and skin resistance tests, and 
that only the leg and posterior surface of the thigh are denervated when the first 
ganglion is left intact.2’ °° As yet we do not know the extent of sympathetic 
denervation of the deeper structures following excision of various segments of 
the lumbar and lower thoracic chain. Since the site of the disturbed neural 
mechanism which presumably initiates the pain may vary even though the skin 
injury is in the same location, it may be that one case is properly denervated by 
a less extensive operation and another only by a more complete ganglionectomy. 
kKurthermore, there is still some question whether cure in causalgia is not ef- 
fected by interruption of afferent pain fibers in the peripheral sympatheties. 
If such afferent fibers are present, their precise pathway is not mapped out, and 
although the distribution of the sympathetic efferents has been found to vary 
little and to follow a fairly regular pattern, any existing afferents may have a 
much more variable course. 

I would feel that the available data suggest that at least a small number of 
the incomplete cures or failures following sympathectomy are explainable upon 
the basis of inadequate sympathetic denervation. Obviously any such cases 
encountered in the future should be subjected to higher sympathetic procaine 
blocks in order to see whether the residual pain can be relieved. Certain of the 
failures have occurred in cases which are almost certainly examples of atypical 
causalgia-like states rather than true instances of causalgia. Undoubtedly one 
explanation of some residual pain after operation concerns the persistence of 
paresthesias and mild pain of the sort commonly found in eases of peripheral 
nerve injury without causalgia. It is easy to understand that a patient with 
pain of various types should feel more acutely any remaining discomfort once 
the more severe and predominant pain is relieved. I have commonly observed, 
indeed, in eases of causalgia and in cases of peripheral neuritis undergoing sub- 
sidence of symptoms, an apparent elevation to conscious appreciation of certain 
paresthesias which were not complained of beforehand when a more intense pain 
was present. Such mechanisms undoubtedly account for certain cases of residual 
discomfort after sympathectomy. It is perhaps significant that these residual 
symptoms tend to diminish with the passage of time and often to disappear 
rather quickly in contrast to the course of events in most untreated cases of 
causalgia. It is also almost certainly true that residual pain is perpetuated in a 
few instances by neuropsychiatrie factors. Everyone is in agreement with the 
original opinion of Mitchell that long-persistent severe causalgia tends to disrupt 
the patient’s emotional balance. Cases have been observed in which it appears 
that persistent complaints were dependent upon psychiatric factors and in 
which these symptoms have subsided with reassurance. Lidz and Payne*! have 
reported one case of causalgia, perhaps atypical in certain aspects, in which 
psychiatric measures were the sole treatment responsible for relief of symptoms. 
There is not, however, any evidence that the pain of causalgia is primarily 
initiated by any psychiatric mechanism. 
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There is general agreement concerning the efficacy of sympathectomy in the 
treatment of causalgia. There is, however, considerable disagreement concern- 
ing the usefulness of procaine blocks as a therapeutic measure. Ulmer and May- 
field state that none of their patients obtained complete and permanent relief 
from blocks alone. <Allbritten and Maltby had two patients who were perma- 
nently relieved by a single procaine block but in their experience repeated blocks 
usually did not produce permanent relief. Kirklin, Chenoweth, and Murphy 
stated that infrequently a series of blocks relieved the pain to such an extent 
that no operative interference was necessary but that usually no lasting effect 
was noted. On the other hand, Rasmussen and Freedman obtained satisfactory 
results with bloeks alone in 45 of 91 patients treated. In 13 of these patients 
the results obtained were excellent and in 32 the result was good; in none of 
them was further treatment required. My associates and I obtained excellent 
results in 21 cases from one or more procaine blocks. I am thoroughly con- 
vinced that certain individuals can be treated satisfactorily by blocks alone. 
Our experience with sympathetic anesthesia therapy in causalgia is similar to 
that which I, and others, have had with other conditions sometimes amenable to 
sympathetic blocks. If the initial block gives relief for an interval of time pro- 
longed beyond the period of sympathetie anesthesia or if repeated blocks result 
in relief for successively longer periods of time, one should be encouraged to 
continue such treatment. If the initial block, on the other hand, gives relief 
limited to the period of sympathetic anesthesia or, more particularly, if sueces- 
sive blocks give relief for the same or diminishing periods, one should abandon 
these measures and proceed with operation. 

There is every evidence that the good results from sympathetie blocks and 
sympathectomy are the result of transient or permanent interruption of sym- 
pathetie innervation and not of some nonspecific suggestive mechanism. I have 
never seen pain disappear during the course of a sympathetie injection before 
the needle tip was introduced into the neighborhood of the sympathetic chain ; 
relief of pain occurred only after this area was infiltrated with procaine. Pain 
was not relieved in the case of the few injections which were ineffectual in pro- 
ducing sympathetie anesthesia. Ulmer and Mayfield had 2 patients in whom 
they did not obtain the desired denervation of the upper extremity because of 
inadvertent removal of the fourth rib instead of the third and decentralization 
of the third and fourth instead of the second and third ganglia; in these patients 
pain was not relieved. Kirklin, Chenoweth, and Murphy deseribed some of their 
patients as having had incomplete denervation of the extremity according to 
skin resistance tests, and stated that they noted no difference in the therapeutic 
result in the patients completely and incompletely denervated. These observa- 
tions are somewhat puzzling to me. I have studied many patients by skin 
resistance and sweating tests after dorsal or lumbar sympathectomy carried out 
essentially as they performed them, and have always found the denervation 
complete according to the recognized pattern for the particular operation per- 
formed.?® °° The only exceptions have been during the transient phase of ap- 
parent sympathetic activity which is not uncommonly noted from about the 
fourth to the eighth postoperative day. 
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The question naturally arises whether one’s initial effort should be directed 
toward any required operation upon the injured nerves or toward the problem 
of relief of pain. It is true that the chance of adequate restoration of nerve 
function is better if neurolysis or neurorrhaphy is carried out early, and under 
no cireumstances should such needed surgery be delayed any more than is 
necessary. According to Freeman, proper débridement, neurolysis, and neuror- 
rhaphy in early eases are much more likely to bring about relief of pain than in 
eases of longer standing. I have not had experience with the early treatment 
of causalgia. It may be advisable to do appropriate surgery first upon the in- 
jured nerves in early cases of causalgia. It may also be proper in the mild cases 
of eausalgia of longer duration to attack the injured nerves first and to delay 
any other necessary treatment of pain until a later date. With regard to severe 
eausalgia, with the possible exception of the patients seen very early, I am con- 
vineed that the initial effort should be directed to relief of pain by sympathetic 
block or sympathectomy. 

This point of view is taken for several reasons. In the first place, sympa- 
thetie interruption generally achieves a prompt and gratifying result, while 
operations upon the injured nerves rarely bring about diminution of pain. The 
pain must be abolished as soon as possible in order to avoid the profound mental 
and emotional changes, as well as the general physical deterioration, which so 
frequently oceur if pain continues unabated. From a simple humane point of 
view one cannot condone long-continued suffering. To attempt to give some 
respite from opiates only courts drug addiction with all its tragie sequelae. 
Furthermore, relief of pain must be obtained in order to prevent useless damage 
to the affeeted extremity. The patient with severe causalgia will not use the 
injured hand or foot; not even passive physiotherapy is tolerated. He runs, 
therefore, a great risk of undergoing extreme wasting of the muscles, and the 
development of periarticular fibrosis and disabling contractures. These risks 
of local damage which may prevent eventual recovery of serviceable function are 
far greater than are entailed in a delay of a few weeks in freeing or repairing 
the damaged nerves. Indeed, there is a real difficulty in performing proper 
nerve surgery as the initial procedure in causalgia because neurological tests 
may be so misleading in these patients. Almost invariably the nerve disfunction 
in the causalgie limb appears to be greater than is actually the case. Nerves 
only partially paralyzed may appear to be completely paralyzed, and uninjured 
nerves may appear to be damaged. It is striking how much better the nerve 
function is seen to be when examination is repeated after the pain has been 
abolished. Unfortunately, the true state of nerve damage is not always evident 
even during the transient period of freedom from pain which follows procaine 
infiltration of the svmpathetie chain. If nerve surgery is to be attempted before 
pain is permanently relieved, however, neurological examination should at least 
be performed during a period of sympathetic procaine anesthesia. 

The approach to the treatment of eausaleia which IT have outlined is based 
upon the fact that this disorder is likely to go on unremittingly for an indefinite 
period of time, contrary to the rather optimistie inference of Mitchell and others 
that the diffieulty is self-limited and tends to subside spontaneously after a 
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period of months or at most a year or two. Numerous cases are recorded in 
which the pain has persisted for many years. Indeed when John Mitchell*? 
reviewed his father’s cases thirty vears later he found that a considerable num- 
her of the patients had continued to have pain for many years after they had 
been originally treated. Very few instances of spontaneous subsidence of pain 
have been observed in recent series of cases even though some of the patients 


have been studied months or even a vear or more after the injury. 


THE MECHANISM OF PAIN 


Numerous theories have been proposed to explain the fundamental basis 
of, and the nerve pathways involved in, the pain of causalgia and other allied 
painful states. Great eredit is due to those who have proposed these theories 
for they have required careful observation and ingenious thinking. It is fair 
to say, however, that, in the light of our current knowledge, no theory yet offered 
furnishes an entirely satisfactory explanation of the pain of eausalgia. I do 
not propose to diseuss all the theories and I have no new concept to offer. I] 
feel, however, that it may be worth while to discuss some aspects of the question. 
The problem centers about the relief of pain afforded by svmpathetie inter- 
ruption. 

It would appear to be evident that certain theories which explain the relief 
of pain from sympathetic interruption as a consequence of alteration of blood 
flow are not applicable in all cases. Lewis** has felt that relief of pain is 
achieved by bringing about increased blood flow to the affected limb. Yet it is 
certainly true that many patients with causalgia present no evidence of vaso- 
constriction and that many obtain no relief whatsoever by the induction of 
extreme vasodilatation by means other than svympathetie interruption. De 
Takats** assumed that the pain is due to a state of chronic eapillary dilatation, 
and that blocking of sympathetic impulses is effective by bringing about ar- 
teriolar dilatation and eapillary constriction. I know of no extensive studies 
of eapillary microscopy in causalgia. Typical causalgia may be present without 
eross evidence of capillary dilatation. To be sure, the capillaries may be atonic 
and dilated in the presence of general vascular constriction, as in Raynaud's 
disorder. Yet in those cases of Raynaud’s disease with the most marked eapil- 
lary atony and dilatation which I have observed, causalgie pain is not present. 
Finally, as I have mentioned previously, arteriolar dilatation induced by indirect 
body heating or direct warming of the limb is generally ineffectual in relieving 
pain. Further observations which may be interpreted as mitigating against 
alteration of blood flow as the correct explanation of the relief afforded by 
sympathetic interruption in causalgia and allied painful states coneern the 
problem of phantom limb pain. In this condition pain is present in the absence 
of the distal part of the extremity—the part primarily subject to changes in 
vascular tonus. It has been a common observation that reamputation at a 
higher level generally fails to give relief, and it is also quite evident that in 
some of these eases pain ceases with blocking of svmpathetie impulses.*” 

Currently the two most widely aeeepted theories are those of Livingston 


and Doupe, Cullen, and Chanee.’® Livineston’s explanation involves an irrita- 


tive focus resulting from the trauma, afferent impulses arising from this trigger 
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point and setting up an abnormal state of activity in the ‘‘internuncial pool’’ 
in the spinal cord, and resultant initiation of abnormal motor responses from 
both lateral and anterior horn neurons. Relief from sympathetie interruption or 
from any other method of treatment is felt to result because of a breaking of 
the vicious circle. This clever theory invokes certain concepts which are without 
objective proof. Though it is ostensibly a satisfactory explanation, I feel that 
it leaves something to be desired. One wonders why interrupting the cycle by 
svmpathetie block or sympathectomy is almost invariably successful and inter- 
rupting it by nerve section, careful débridement, or lysis of nerves is so often 
unsuccessful. It is difficult to explain why the eyele cannot be broken more 
readily by other methods which presumably alter the state of sympathetic ac- 
tivity, such as the production of reflex vasodilatation with apparent quiescence 
of sympathetic function. The question also arises as to why the effects of the 
internuncial pool action upon the efferents should vary so remarkably regarding 
the state of sympathetic activity. 

Doupe, Cullen, and Chance explained the pain of causalgic states upon an 
alteration in excitability of adjacent sensory fibers by the sympathetic impulses 
continually at play as a result of emotional stress, the process of thermoregula- 
tion, and from various other stimuli. Though there is much to commend this 
theory, I feel that it is challenged somewhat by the constant relief afforded by 
sympathetic b¥ock and the frequent lack of effect upon pain of alteration of 
sympathetic activity by other means. No one can deny that some efferent sym- 
pathetic impulses may be discharged rather continuously. Yet it has been 
generally assumed, for example, that a relative, if not complete, inhibition of 
sympathetic efferent impulses occurs in reflex vasodilatation. From what is 
known of sympathetic action one would certainly be forced to assume that sym- 
pathetic efferent activity must vary enormously with the marked changes in 
vascular tonus which we recognize as representing states of extreme vasocon- 
striction and extreme vasodilatation. According to their theory it is under- 


standable that pain might rarely be completely relieved by any method of alter- 


ing vascular tonus other than by sympathetie anesthesia or operative sym- 
pathectomy, but one would assume that such maneuvers should rather regularly 
alter the severity of the pain. Consequently, the validity of the theory is 
brought into question by the failure of such methods to influence the pain at all 
in many eases. Doupe, Cullen, and Chance, Rasmussen and Freedman, Harvey,*® 
and I have studied cases of causalgia and of other allied painful states in whieh 
extreme vasoconstriction induced by such measures as local cooling, general 
hody cooling, subeutaneously or even intra-arterially administered adrenalin 
have not altered the pain. Extreme vasodilatation induced by such measures 
as local heat, reflex vasodilatation, reactive hyperemia, and Prostigmine given 
intra-arterially have failed to affect the pain in any appreciable way. Yet 
sympathetic block has brought about prompt and complete relief in these same 
-aSeS. 

Obviously, assumption of the existence of afferent pathways in the periph- 
eral svmpathetics would enable one to explain the pain of causalgia and its 
relief by sympathetic interruption in a most satisfactory manner. The variable 
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status of efferent sympathetic activity in these cases would offer no challenge ; 
in case of neuritis of somatic nerves we have numerous examples of relatively 
normal, hyperactive or hypoactive motor function. There have been a number 
of authors who have chosen to invoke the presence of afferent pain fibers in the 
peripheral sympatheties in reference to the pain of causalgia and related states 
(Ioerster,*? Shaw,*s Middleton and Bruee,*’ Leriche'!), Unfortunately no 
positive proof has been advanced by them. 

The chief objection raised has been the lack of anatomie proof of such 
pathways. It is no more fanciful, however, to postulate their existence than to 
postulate without anatomie confirmation the presence of a new ‘‘nocifensor’’ 
set of nerves as Lewis‘? did in explaining certain painful states. Indeed, there 
are some data suggesting that such afferent nerves are demonstrable. Kuntz 
and Farnsworth,*' for example, felt that they had histological evidence of such 
fibers and coneluded, ‘‘Any operation which effectively eliminates the vaso- 
motor innervation of an extremity must also divide a goodly number of afferent 
fibers supplying the blood vessels and other sympathetically innervated tissues 
in the area affected.’’ Treadgill*? cited the earlier work of Dogiel as having 
demonstrated both motor and sensory nerve cells in the stellate ganglia of dogs. 

The experiments of Burget and Livingston** and of Moore and Singleton** 
have been extensively quoted as demonstrating physiologically the absence of 
afferent sympathetic pain fibers. In these experiments a painful reaction is 
elicited by intra-arterial injection of an irritating solution whether or not the 
extremity is sympathectomized; no pain reaction follows the injection when 
somatic anesthesia has been produced. These experiments are clear-cut and 
are easily confirmed. The pain reaction does not oceur, however, if the solution 
is held within a segment of the main artery, but only if it is allowed to reach 
the terminal branches. The question naturally arises whether it constitutes a 
true stimulus for eliciting ‘‘sympathetic pain’’ or is merely another somatic 
pain stimulus having its effect once the irritant has diffused outside the vascular 
hed. 

It is of interest that Treadgill*® has recently reported experiments which 
suggest, on the other hand, that there are afferent pathways in the peripheral 
svympatheties. They depend upon the presence of a reaction to intense burning 
in an anesthetie limb with intact sympathetic innervation not present when the 
sympathetie chain has been excised, and upon the presence of a blood pressure 
response to intra-arterial injection of sodium lactate in a limb denervated by 
anterior and posterior root section but not elicited when the sympathetie chain 
has also been removed. Unfortunately experiments upon only 4 animals are 


reported, and further substantiation of this work is desirable before it can be 


accepted as proof of the existence of afferent fibers in the sympatheties. 

Certain clinical observations, even though they do not offer conclusive 
proot, are highly suggestive of the existence of afferent pain fibers in the sym- 
pathetic nerves. For example, Freeman*® observed a number of paraplegic 
patients with pain in whom a cordotomy producing analgesia up to a level two 
segments higher than the site of injury failed to relieve the constant dull aching 
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or burning pain, though the intermittent types of pain had ceased; these same 
patients were completely free of pain after a cordotomy performed at the second 
dorsal level. Operations which gave levels of analgesia at any point below the 
fourth thoracie dermatome often failed to relieve burning pain but all pain 
was relieved if the level was at or above the third dorsal dermatome. Since 
this tvpe of pain was not affected by operations which severed the central path- 
Ways of the somatie pain fibers from the entire area in which the pain was felt 
and trom the area of injury but was cured by a higher cordotomy, he felt that 
the most plausible explanation lay in the transmission of the pain impulses 
through fibers in the sympathetic nerves entering the cord at a high level. 1 
have already referred to other suggestive clinical observations, Still other per- 
sonal observations I present apologetieally since they are inadequately con- 
trolled, but I do so in the hope that they may stimulate similar, but better con- 
trolled, observations. I have treated several patients with severe causalgia in 
whom complete relief of pain occurred promptly after procaine infiltration in 
the region of the svmpathetie chain some time before thermocouple readings 
revealed any rise in skin temperature. This occurrence reminds one of the 
sensory anesthesia which so often precedes motor paralysis in spinal anesthesia 
or somatic nerve block. One cannot assume, however, that efferent sympathetic 
paralysis occurred after subsidence of pain at the time the increase in skin 
temperature was first noted; vasodilatation may have preceded the rise in skin 
temperature and may have oceurred simultaneously with cessation of pain. 
Constant digital plethysmographie tracings as well as skin-temperature and 
skin-resistance measurements in such cases should settle the matter one way or 
the other. I have treated a few patients in whom the causalgic pain was not 
relieved by spinal anesthesia which was adequate for comfortable exposure of 
the lumbar sympathetie chain and for full vasodilatation of the lower extrem- 
ities; in these same patients the pain ceased promptly with excision of the sym- 
pathetic chain. Such observations are highly suggestive of the existence of 
afferent pain fibers in the svmpathetie nerves. Unfortunately, only a few such 
observations were made and in none of them was the precise level of anesthesia 
earefully cheeked, though the level must have been as high as the seventh dorsal 
segment since there was no pain in the operative incision. 

It may be concluded that none of the current theories of the mechanism 
of pain is entirely satisfactory and that further intensive study is required. 


SUMMARY 


I have reviewed the early and recent contributions to the problem of ecau- 
salgia and have attempted to discuss the signs and symptoms, the vasomotor 
status, the treatment, and the mechanism of pain. Much of the broad experi- 
ence with this disorder was obtained only recently as a consequence of World 
War IT. Though every effort was made to segregate such eases in special centers 
where the best opportunity existed for their careful evaluation and treatment, 
it is nevertheless true that the enormous volume of work, the limited personnel, 
and the lack of availability of certain apparatus precluded particular studies 
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which in retrospect would have been informative. It is unlikely that an oppor- 
tunity will again present itself for study of such large groups of cases. It is 
entirely possible, however, that intensive study of fewer cases may settle some 
of the remaining problems. 

It would seem important to study the vasomotor responses in each patient 
by every available method, including digital plethysmography and venous 
occlusion plethysmographie blood flow methods whenever possible. It will be 
profitable to pursue further the reaction of patients to alterations in the state 
of vascular tonus induced by various methods, and to study the effect of a 
variety of drugs affecting autonomic function, including such agents as tetra- 
ethylammonium chloride. It will be important to correlate better the time of 
onset of vasodilatation and of pain relief following sympathetie block, and to 
evaluate carefully any persistence of pain during spinal anesthesia. Particular 
study must be made of cases of incomplete relief of pain after sympathectomy. 
The so-called atypieal causalgias require further clarification, Finally, it is 
hoped that more animal experimentation may throw new light upon the problem 
of the nerve pathways and the mechanism of pain. Better understanding of 
the fudamental problems connected with major causalgia may be of aid in 
understanding more clearly the other allied painful states. 
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THe Acute EFFEct or PULMONIC AND AORTIC STENOSIS 
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_ Gifir geese hypertrophy has been studied experimentally by the reproduction 
of various cardiovascular lesions which are known, in clinical medicine, to 
be associated with enlargement and hypertrophy of the heart. Aortic regur- 
vitation may be produced by cutting an aortic cusp with a valvulotome passed 
through the carotid artery or left ventricle. As a result of this lesion, generai 
cardiac hypertrophy developed, the most marked effect being in the left ven- 
tricle.’*»° An experimental interventricular septal defect produced by piere- 
ing the septum with a knife valvulotome introduced through the left ventricle 
resulted in hypertrophy of both ventricles.t Similar results were obtained with 
arteriovenous fistulas,? and in this lesion hypertrophy was shown to be reversi- 
ble by repair of the fistula.“ The left ventricle will hypertrophy in response 
to the stimulus of experimental hypertension, and experimental hyperthyroid- 
ism will cause hypertrophy of both ventricles. Constriction of the pulmonary 
artery or the aorta led to hypertrophy of the ventricle affected by the experi- 
mental stenosis.* 1° 

The most important factor producing hypertrophy of the heart is increased 
work, which is brought about in these experimental lesions either by increased 
pressure in the affected ventricle (hypertension, valvular stenosis), or by the 
effort necessary to propel an increased volume of blood (valvular insufficiency, 
septal defects, arteriovenous or arteriopulmonary connections). Though the 
broad relationship between increased cardiae work and hypertrophy is gener- 
ally though not unanimously accepted, many questions in connection with this 
problem still remain unanswered. 

Thus, the rate of hypertrophy of cardiac muscle has attracted little atten- 
tion. Stewart! was able to recognize some hypertrophy one week after the pro- 
duction of an experimental lesion, while Herrmann,’ using similar methods, 
concluded that weeks or months elapsed before definite hypertrophy developed. 

The purpose of this study was to investigate the rapidity of hypertrophy of 
cardiae muscle in response to an adequate stimulus and to determine whether 
under these circumstances hypertrophy is a continuous process, extending over 
a long period of time. During the study a satisfactory method of producing 
acute pulmonic or aortic stenosis was developed. This and a few convineing 
results justify a report at this time. 


TECHNIQUE 


Stenosis of the proximal aorta or pulmonary artery can be produced by 
several methods. A broad eotton or silk ligature may be applied tightly 
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enough to reduce the caliber of the vessel one-third to one-half. This is a rela- 
tively simple method, but frequently erosion of the vessel wall occurs, resulting 
in fatal hemorrhage. The same objection is found when metallic bands are 
used.*'" To obviate this difficulty Holman'’ placed loose ligatures around the 


aorta and pulmonary artery in puppies. As the animals increased in size the 








Fig. 1.—a and b, Technique of producing aortic stenosis with preserved fascia lata; ¢, side view; 
d, pulmonic stenosis, 

vessel remained constricted at the site of the ligature, resulting in a gradually 

developing stenosis. This method, however, is not suitable for the study of the 

rate of growth of the cardiac muscle, where an acute stenosis of a high degree 

is desirable. We have found that a strip of preserved fascia lata, sutured 


around the great vessels in a figure-of-eight manner, will maintain the stenosts 


TABLE I. AORTIC AND PULMONIC STENOSIS (THREE WEEKS’ DURATION 





BODY HEART MEAN 
WEIGHT WEIGHT PROPOR rHICKNESS 
IN GRAMS | IN GRAMS TION BOUGIE SIZE OF 
EXPERIMENT VESSEI Al Al HW TO AT BEYOND | VENTRIC LE 
NO. STENOSED NECROPSY NECROPSY BW STENOSIS! STENOSIS IN MM. 
5 female \orta 6900 TO O10] 15 OL 10( Left ) 
(9 mo. old 
Control 6200 16 0074 28 7 (Left ) 
female 
Litter mate 
17 male Aorta 5400 38 0070 39 38 8 (Left ) 
3 mo. old 
Control 6100 33 0054 38 6( Left ) 
female 
Litter mate 
15 male Pulmo £150 13 104 1b 24 6( Right ) 
3> mo. old nary 
Control artery £300 27 0063 24 1( Right ) 
male 






Litter mate 





GERBODE AND SELZER: EXPERIMENTAL CARDIAC HYPERTROPHY 5O7T 


adequately without erosion of the vessel wall (Fig. 1). A frequent complication 
resulting from an acute constriction of the aorta or pulmonary artery is heart 
failure resulting from the sudden increase in intraventricular pressure. This 
difficulty was partially overcome by the gradual production of the stenosis, in 
several stages, at ten-minute intervals. Animals then survived with a higher 


degree of stenosis, and the mortality from heart failure dropped considerably. 





CONTROL 


Fig. 2.—Aortic stenosis, three weeks. Note the gross enlargement of the heart as com- 
pared with the control. In the cross section view the left ventricles are placed side by side to 
show the increased thickness of the ventricle wall in the animal operated upon. 


age 





METILOD 


The dogs were anesthetized with intravenous nembutal. Respirations were 
controlled with an intratracheal tube and a mechanical respirator. Using sterile 
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precautions, the heart was exposed by resecting the third or fourth rib, and the 


pericardium was opened. Either the proximal aorta or pulmonary artery was 
separated trom its adjacent structures, and the fascial band was placed around 
the vessel. After gradually tightening it for about forty minutes, several su- 
tures were placed to hold the degree of stenosis created. The pericardium was 
approximated loosely with a few interrupted sutures, the lung was inflated, and 


the chest was closed in layers. The animals were sacrificed after varving time 


© 





Fig. 3.—Microphotographs of the left ventricle in Experiment 5 (upper), an aortic stenosis 
of three weeks’ duration, as compared with its control (lower). Note the marked increase in 
the cytoplasm of the muscle fibers causing separation of the nuclei. 
intervals. The body weight at necropsy was recorded, the heart removed, and 
the degree of stenosis and the caliber of the vessel just bevond the stenosis were 
measured with bougies. After trimming away the pericardium, excess fat, 
and great vessels, the hearts were washed free of blood, emptied, and weighed. 
They were then fixed in formalin for one week, and thereafter cut transversely 
at similar levels, so that the thickness of the wall could be measured. Miero- 
scopic slides were made from like areas in the experimental and control animals. 


RESULTS 


In the first seven experiments adult dogs were used, being sacrificed after a 


period of one to four weeks. Aortic stenosis was produced in six of these ani- 
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mals, and pulmonary stenosis in one. It was thought that the heart weight to 
body weight ratio, as determined by Herrmann," could be used as a standard 
control for these experiments. His studies of 200 dog hearts revealed a mean 
heart weight-body weight ratio of .OO798, with a minimum of .00600 and a 
maximum of .00994. Usine Herrmann’s methods for determining the heart 
weight-body weight ratio, we found the following values in the first seven 





eieeesitibeee asa 
#15  — CONTROL 

Fig. 4.—Pulmoniec stenosis, three weeks. The right ventricle is markedly enlarged, as 
compared with the control. The cross section view is shown with the right ventricles in apposi- 
tion to illustrate the increase in thickness of the ventricular wall in the animal operated upon, 
experiments: .0078, .0080, .0085, .0090, .0101, and .0115. Although six of the 
seven ratios were above Herrmann’s mean, only the last two could be accepted 
as indicating definite hypertrophy. These two instances occurred in an animal 
with pulmonary stenosis of three weeks’ duration and in an aortic stenosis 
of four weeks’ duration. For the most part these experiments merely indicated 
that aeute hypertrophy was occurring in response to the stimulus of stenosis. 
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It was realized that a more accurate measure of the degree of hypertrophy could 
be obtained if carefully matched litter mates were used, retaining one animal 
as a control. 

Seven experiments were performed on litter mates, all of them young ani- 
mals. In six of these aortic stenosis was created, and in one pulmonary stenosis. 
Two sets of animals were sacrificed after one week, one after two weeks, and 


four after three weeks. In four experiments no definite hypertrophy was 





Fig. 5.—Microphotograph of a section of the right ventricle in Experiment 15 (upper), a 
pulmonic stenosis of three weeks’ duration, compared with its control (lower). Note the en- 
larged muscle fibers in the animal operated upon. 
found, and in all of these the stenosis was found to be very slight. Three ex- 
periments, all of them in the three-week group, were successful, and showed 
marked cardiae hypertrophy. The results are presented in Table I. Fig. 2 
shows the gross specimen of Experiment 5 (aortic stenosis), with the litter mate 
control; Fig. 3 shows the microscopic section of the left ventricle, clearly 
indicating hypertrophy of the muscle fibers, as compared with the control ani- 
mal. Figs. 4 and 5 present the gross findings and a microphotograph of a see- 
tion of the right ventricle in the case of pulmonary stenosis, and the control. 


DISCUSSION 


In our experimental study of cardiae hypertrophy there were two vari- 
ables: the degree of stenosis, acting as a stimulus for cardiae hypertrophy, and 
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the time factor. It was felt that the only reliable criterion of cardiac hyper- 
trophy is the increase in muscle mass, and other evidence such as roentgeno- 
eraphiec appearance, measurements of the heart and thickness of the heart 
wall, though recorded, were considered as only secondary. In order to simplify 
the problem the general heart weight was determined, rather than separate 
weights of cardiac chambers, for even the best methods of division of the heart 
may introduce a new error. 

While the relationship between the increase in cardiac weight and the de- 
eree and duration of the stenosis will be the subject of a detailed study, one 
fact has been established: It was shown that with an adequate stimulus, defi- 
nite hypertrophy develops within three weeks. The degree of liypertrephy, which 
in Experiment 15 amounted to a 65 per cent increase over the control animal, 
is comparable to the results of Holman, Herrmann, and others whose expert- 
ments extended over a period of many months. This would indicate that hyper- 
trophy of the heart can be an acute process with most of the growth occurring 
within a short time after the stimulus for hypertrophy is established. 


SUMMARY 


A method of producing experimental aortic and pulmonary stenosis is 
described which enabled us to establish a high degree of stenosis with a low 
mortality. It was shown that pulmonic or aortic stenosis causes definite hyper- 
trophy of the right or left ventricle within three weeks, the degree of which 
is comparable with the hypertrophy found in experimental stenosis of many 
months’ duration. 
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THE RELATIONSHIP BETWEEN GROSS TYPE OF GASTRIC 
CARCINOMA AND ANACTIDITY 


Robert Hesspet, M.D., AND Davin GaviserR, M.D., MINNEAPOLIS, MINN. 


(From the Departments of Pathology and Surge ry, Unive rsity of Minnesota Medical School) 


HILE most patients with gastric carcinoma have achlorhydria at the time 

the diagnosis is established, a significant number have free acid in at least 
some degree. It seemed worth while to determine whether, in our material, the 
presence or absence of achlorhydria bears any constant relationship to the gross 
type of carcinoma and whether, among patients with free acid, there is any 
unusual deviation from normal ranges of acidity in relation to any type of 
carcinoma. With reference to these points the results of a review of 284 cases 


in which gastric resection was performed are presented. 


MATERIAL 


For this study we have selected, from among those cases in which gastric 
resection had been performed, all eases in which both gastric acidity had been 
determined and the resected specimen was available for re-examination. The 
data to follow concern 284 such eases. 

The carcinomas were classified according to the method of Borrmann': 
Type I, polypoid carcinoma; Type II, sharply demareated, ulcerating car- 
cinoma; Type II], partly sharply demarcated, partly infiltrating carcinoma; 
Type IV, diffusely infiltrating carcinoma. This classification is convenient to 
use but has no special advantages over others and, as with any classification, 
one must sometimes be arbitrary as to the designation of a given tumor. The 
classification makes no distinctions on the basis of size of a tumor. Thus a 
Type IV tumor might be apparently limited to a small area or might obviously 
infiltrate the whole stomach. 

The acid determinations varied as to method. Although a fractional anal- 
ysis after histamine stimulation had been employed for the great majority, al- 
cohol had been used in some cases and, in a few, only fasting samples had been 
analyzed. In all cases the highest recorded value for free acid was noted and 
those cases where free acid was present were further subdivided according to 
whether the values exceeded or were less than 20 degrees. Those eases in 
which the record clearly showed that histamine had been employed as the test 
substance were also considered separately. This maneuver eliminated some 
cases In which there was free acid on fasting samples and also climinated others 
in which though histamine had been undoubtedly emploved, the fact was not 
clearly shown in the record. The results of consideration of this restricted 


group, 239 cases, are, however, comparable to those of the entire group, 


PRESENTATION OF DATA 


These data appear in the accompanying tables where acidities are considered 


° te . ° a - 
with reference to age, sex, and gross tvpe of carcinoma. Table T shows the dis- 
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tribution of the four types of tumor and the corresponding acidities aceord- 
ing to age among 205 men. Table II] shows the same data for 79 women. Table 
III combines the two sexes. Table IV shows the composite data for the 239 
eases in which histamine had clearly been used as a test substance. 

Examination of the tables reveals no real difference dependent on either 
age or sex and the ineidences of anacidity are of comparable magnitude for 
the two sets of data relative to all acid determinations and those with verified 
histamme stimulation alone (Tables IIT and IV). The results can be con- 
veniently summarized in terms of Table III, which ineludes all cases. 

Of the 284 eases, 185 (65 per cent) showed achlorhydria, and 99 (35 per 
cent) showed free acid. Of these, 385 (12 per cent of the total) had maximum 
values of less than 20 degrees and 64 (22 per cent of the total) had maximum 
values of more than 20 degrees. The incidences of the acidities in each of the 
decades are quite comparable to that of the entire group. 

There were 9 Type I tumors, all of which were associated with achlorhydria. 
These comprise 3.2 per cent of the total number and account for 5 per cent of 
the cases of achlorhydria. 

There were 79 Type II tumors (27.8 per cent of the total), which provided 
for 57 (381 per cent) of the eases of achlorhydria. Twenty-two (28 per cent) 
of the Type II tumors were associated with free acid and thus accounted for 
22 per cent of the total number of cases with free acid. Of these, 9 had less 
and 13 had more than 20 degrees. 

There were 47 Type III tumors (16.5 per cent of the total), which ae- 
counted for 31 (17 per cent) of the cases with aehlorhydria. Sixteen (34 per 
cent) of the Type III tumors were associated with free acid (16 per cent of 
the total cases that showed free acid) and, of these, 5 showed maximum values 
of less than 20 degrees and 11 showed more than 20 degrees. 

There were 149 Type IV tumors (52.5 per cent of the total) and among 
these there were 88 (48 per cent) of the cases with achlorhydria. Sixty-one 
(41 per cent) of the 149 cases showed free acid (62 per cent of the total num- 
ber of cases with free acid). Of these, 21 had maximum values of less than 
20 degrees and 40 had more than 20 degrees. 

The values for the cases in which histamine was certainly employed are of 
the same order of magnitude (Table IV). None of the Type I tumors, 22 
per cent of the Type II tumors, 29 per cent of the Type II] tumors, and 42 
per cent of the Type IV tumors were found to be associated with free acid. 


Thus, 33 per cent of this series showed free acid in at least some degree. 


COMMENT 


In this series of cases only the tumors of Type I were constantly associated 
with achlorhydria and these comprise but 3.2 per cent of the group. With 
each of the other types of tumor a significant proportion of the cases showed 
free acid and, among these, the proportion was somewhat higher for tumors of 
Type IV than for Types IT and IIIf. Of the eases with free acid about one- 
third had values below 20 degrees, and two-thirds had values over 20 degrees. 




















516 SURGERY 


This distribution is also approximated for each of the three types concerned. 
A further breakdown of the acidities in excess of 20 degrees show that of the 
64 cases, 23 had maximum values between 20 and 30 degrees, and 41 had maxi- 
mum values over 30 degrees. For the great majority of cases of gastric ear- 
cinoma there is no special relationship between achlorhydria or hypochlorhydria 
and a gross type of tumor. 

Summarized differently, in this series of 284 cases, 248 (86 per cent) had 
achlorhydria or acid values below 380 degrees, 220 cases (77 per cent) had 
achlorhydria or acid values less than 20 degrees, and 185 cases (65 per cent) 
had achlorhydria. While these data follow others in showing the predominance 
of reduced secretory capacity, as of the time the diagnosis is made, in a group 
of eases of gastric carcinoma they also emphasize the fact that no range of 
acidity precludes the disease. Emphasis on the examination of individuals with 
achlorhydria or hypochlorhydria in order to detect most early gastrie cancer is 
valid, however, only to the extent that achlorhydria with cancer also means 
achlorhydria before the cancer appears. The constancy of this relationship is 
established only in the case of pernicious anemia, though the study of Comfort, 
Kelsey, and Berkson? showed more achlorhydria and hypochlorhydria among 
patients who subsequently developed cancer than was normal for the ages con- 
cerned. 

The character of the mucosa in these cases is to be considered in a separate 
report, but it may be noted here that for many there is an anatomic basis for 
anacidity as evidenced by complete loss of normal body glands. Such extensive 
atrophy may be found in association with tumors of any gross type, but it 
seems to be most consistently present with tumors of Type I. The group con- 
cerned is, of course, small but Dockerty® has called attention to a similar rela- 
tionship. On the other hand, diffuse atrophy by no means necessarily aeeom- 
panies gastric earcinoma (Hebbel)* and other patients in this series presented 
well-preserved body mucosas even though achlorhydria had been demonstrated. 
Here, achlorhydria is less readily explained. That histamine achlorhydria is 
not necessarily permanent is well known and perhaps, were repeated analyses 
to be performed, free acid might at some time be present in some such eases. 
Magnus’ found no gastritis in the body mucosa in 22 of 25 eases of uleerating 
earcinoma, and expressed the opinion that if achlorhydria precedes gastrie car- 
cinoma, it is not due to the loss of parietal cells. 


SUMMARY 


In a series of 284 cases of gastric carcinoma, 248 (86 per cent) had aehlor- 
hyvdria or maximum acid values below 30 degrees, 220 cases (77 per cent) had 
achlorhydria or maximum acid values below 20 degrees, and 185 eases (65 
per cent) had achlorhydria. Achlorhydria was uniformly present only in asso- 
ciation with tumors of Borrmann Type I and these totaled but 3.2 per cent of 
the series. For tumors of Borrmann Types II, III, and IV, there was no 
constant association of either achlorhydria or hypochlorhydria. Twenty-eight 
per cent of the Type IT tumors, 34 per cent of the Type III tumors, and 41 per 
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cent of the Type IV tumors were associated with free acid on gastric analysis. 


In each of these groups the maximum acid values fell below 20 degrees in about 
one-third of the cases and exceeded 20 degrees in about two-thirds of the cases. 
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CLINICAL STUDIES IN CRANIOSYNOSTOSIS 





ANALYSIS OF FIrTy CASES AND DESCRIPTION OF A METHOD OF SURGICAL TREATMENT 
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Doxnanp 1). Marsox, M.D.,. Bostox, Mass. 


(From the Department of Surgery, Harvard Medical School and Neurosurgical Service, 
Thee ( hildre n’s Hospital 


INTRODUCTION 


HE striking and often grotesque deformities associated with premature 

closure of the cranial sutures have interested both physicians and laymen 
since antiquity. Descriptive names of Greek derivation, such as seaphocephaly, 
acrocephaly, turricephaly, and oxycephaly were used to designate these bizarre 
abnormalities of the head. With discovery of the roentgen ray, a more 
accurate clinical terminology based on physiologic and pathologic criteria 
became possible. Sear’ and others, therefore, have recommended adoption 
of the term ‘‘craniosynostosis’’ to include all varieties of premature closure 
of the cranial sutures, adding to this diagnosis identification of the particular 
sutures involved in each instance. This terminology will be used in_ the 
present report. 

The cranial sutures normally fuse long after the growth of the brain has 
been completed. Only the metopie suture normally closes at birth or shortly 
thereafter, the others remaining open until the age of 50 or 60 years. Bolk? 
has differentiated two phases in the surface growth of the cranial bones in 
infants. In the first phase, which extends into the second vear of lite, 
growth at the border of the membranous bones predominates. At the 
beginning of the second phase, the sutures become dentated and diffuse growth 
of the bones takes place at a slower rate. Extreme abnormality probably 
occurs only when synostosis begins during fetal life or shortly after birth, 
but lesser degrees of deformity are commonly seen when synostosis occurs 
within the first two years. 

Craniosynostosis has been variously attributed to syphilis, rickets, pre- 
natal or birth trauma, endocrine disorders, and meningitis.” There is little 
foundation for any of these theories and reviewing them would be of 
historical interest only. Patterson* in an unpublished review of Cushing’s 
cases of synostosis craniv emphasized three facts which point to an inherent 
mesenchymal defect as the cause of premature closure of the sutures: first, there 
is a strong hereditary tendency, cases having been reported in two generations 
and several cases having occurred in siblings; second, associated congenital 
anomalies, particularly syndactyvlism, are commonly seen; and third, there 
is a greater incidence in males (85 per cent) than in females. 

Many anatomic investigations of skulls showing craniosvnostosis have been 
made, notable among which is the detailed study of oxycephaly by Greig.’ 
Histologic studies through the suture lines and of the separate membranous 


bones of the skull have revealed nothing remarkable. The lack of any gross or 
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microscopic abnormality in the bone itself has been confirmed by examination 
of many specimens removed at operation in the series of cases reported 
here. Likewise, there is no evidence that the actual growth and repair of 
membranous bone in these patients are impaired; in fact, it would appear that 
healing of bone oceurs more rapidly in these patients than in normal 
patients. 

A variety of apparently unrelated congenital anomalies has been deseribed 
in association with premature closure of the cranial sutures. Park and Powers® 
reviewed twenty-eight cases of so-called acrocephaly in which there were varying 
degrees of syndactvlism, a syndrome which has been termed acrocephalo- 
syndactylism. Other anomalies including cleft palate, harelip, congenital heart 
disease, spina bifida, and meningocele, have been reported in association with 
craniosynostosis. Such anomalies apparently occur more frequently with this 
condition than in normal individuals. 

Although the bony abnormalities in craniosynostosis are important, because 
of the grossly deformed heads which may result, of much greater significance 
is the compression of the growing brain which occurs secondary to this 
premature bony fusion. The relation of premature closure of the cranial 
sutures to mental development has often been misinterpreted, principally 
hecause of confusion of this condition with true microcephaly. Because of 
the vast difference in treatment and in prognosis, the fundamental difference 
between these conditions should be clearly understood. In microcephaly, the 
primary difficulty is failure of the brain to grow. The cranial sutures are 
present, but the head does not expand because there is no growth pressure 
from within. In ecraniosynostosis growth of the brain is normal, except as it is 
restricted by the limitations of the prematurely fused cranial sutures. In 
microcephaly, decompressive procedures are of no avail in the prevention or 
treatment of cerebral deficiency. In craniosvnostosis, on the contrary, early 
prophylactic decompression which permits expansion of the brain to ap- 
proximate a normal rate should allow mental development to proceed uninhibited. 

Seammon and Dunn,® and Coppoletta and Wolbach* have determined 
that the brain inereases about 85 per cent in weight in the first six months 
and 135 per cent in the first year of life (Fig. 1). After the second year, 
erowth is slower but still rapid, and after the eighth year relatively little 
increase in brain bulk oceurs. 

The clinical implication of these observations is readily apparent; namely, 
the earlier the onset of premature craniosynostosis, the more likely is damage 
to ensue. Conversely, the earlier premature closure of the sutures is 
recognized and alleviated by surgical treatment, the less likelihood there is of 
subsequent cerebral deficiency. 

Faber and Towne® were the first to stress the importance of early surgical 
treatment to prevent mental retardation and visual impairment. The purpose 
of the present report is twofold: first of all, to present clinical studies of 
fifty cases of premature craniosynostosis seen at the Children’s Hospital and 
to re-emphasize the importance of diagnosis and treatment in the first months 
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of lite, and second, to describe a method of surgical treatment in this. age 


group. The historical development of therapy tor premature craniosynostosis, 
as well as the signs, symptoms, classification, roentgenologie findings, and the 
diagnosis have been reviewed recently by Simmons and Peyton’ and will be 


discussed here only in brief. 
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Fig. 1.—Chart showing rapid increase in brain weight in first two years compared to 
other organs of the body. Growth of the brain is much slower after two years. (After 
Coppoletta and Wolbach: Am. J. Path. 1933.7) 


ANALYSIS OF CASES 


Virchow'® recognized that when one or more of the cranial sutures closes 
hefore the rapid growth of the brain is completed, the skull expands in a 
direction axial to the closed suture. Thus when the sagittal suture closes 
prematurely, the coronal and lambdoid sutures permit greater anteroposterior 
expansion than would normally occur. The skull, therefore, becomes elongated, 
or seaphocephalic. Similarly, if the coronal suture alone closes prematurely, 
the patent sagittal and squamosal sutures permit added lateral growth and 
the forehead becomes prominent and wide, or acrocephalic. When closure 
of the coronal, sagittal, and lambdoid sutures occurs prematurely, the head can 
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expand only upward at the anterior fontanel. To this type of deformity the 
term oxycephaly has commonly been given. The base of the skull beeomes 
deepened, the sinuses obliterated, and the orbits shallow. The head is small 
and narrow at its vertex. There may also be synostosis between the facial 
bones resulting in severe distortion of the face. 

The cases in the present series fall into four main groups: (1) those in 
which the sagittal suture alone is closed; (2) those in which the coronal 
suture has closed; (3) those in which two sutures have closed; and (4) those 
in which all of the sutures have closed. The clinical picture and course, the 
prognosis, and the operative treatment vary in each group, although the 
fundamental pathology is the same. Rarer miscellaneous types of eranio- 
synostosis will be mentioned briefly, after considering each of the four main 


groups separately. 


Premature Closure of Sagittal Suture.—In the present series, there have 
been twenty-nine eases of premature closure of the sagittal suture. Of 
these, twenty-four were in males and five in females. Of the twenty-nine, a 
total of nine cases have been found with associated congential anomalies. 
These included an ectopic right kidney, congenital hypertrophie pyloric 
stenosis, a cavum septt pellucidi shown in a_ pneumoencephalogram, a 
hemangioma of the thigh, a mild hypospadias, a cholesteatoma of the skull, a 
congenital dislocation of the cervical spine, as well as elubhands and elub- 
feet, webbed toes, svndactylism of both hands and feet, and cartilaginous in- 
clusions of both humeri. 

There were seven definitely retarded children. One of these, a girl, was 
operated upon at the age of 8 months. A pneumoencephalogram showed 
marked atrophy of the cerebral cortex. Right subtemporal decompression 
and parasagittal craniectomies failed to bring about any improvement and 
the patient showed, at the age of 8 years, 8 months, evidence of severe 
retardation. Five of the other children showing evidence of retardation 
before operation have presented a slightly more optimistie picture. They 
were first operated upon at 17 months, 19 months, 24 months, 25 months, and 
S years, respectively. In three of this group, there was felt to be definite 
improvement after operation, though evidence of retardation persisted; the 
fourth has been followed for too short an interval to permit reliable observation ; 
one patient was not operated upon. 

Ocular difficulties have rarely been seen associated with premature closure 
of the sagittal suture. One = patient showed mild) exophthalmos without 
apparent disturbance in vision; another patient treated at the age of 1 
year by bilateral subtemporal decompression was reported to have diminution 
of vision in one eye and a marked strabismus. 

Four patients in this group have had pneumoencephalograms. In one, 
there was evidence of severe cerebral degeneration which it was felt oceurred 
coincidentally with synostosis rather than as a result of it. In the other 
three cases, the question of mental retardation was raised and pneumoencephalo- 
erams were done to aid in evaluation. In each instance, the deviation from 
normal in the pneumoencephalogram was slight. One of these children, who 
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showed slight dilatation of one lateral ventricle, has been followed to the 
age of 15 vears and is on the honor roll in school. The other two children 
who showed slight ventricular dilatation are now normal or only slightly re- 


tarded. 





A, B. C. 


Fig. 2 (Case 19). 1, B, and C, Premature closure of sagittal suture; the head is elongated 
and narrow. 











Fig. 3 (Case 5).—Brother of another patient (Case 19). These siblings showed premature 
closure of sagittal suture at birth. This patient, the older brother, was operated on as an 
infant. He is now, at the age of 10 years, normal in every respect. 

Fifty-five per cent of the patients have been operated upon in the first 
vear of life. Of the last eleven, all of whom have come to the Neurosurgical 
Clinic in the past year, only four have been over 1 year of age. All were 
under 2 vears (Figs. 2 and 3). 
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Patients who present the characteristic deformity at birth of seapho- 
cephaly and are operated upon in the first few weeks of life show a striking 
change in contour of the head (Fig. 4). Patients operated upon after the 
age of 10 to 12 months are less likely to show change in skull contour but 
frequently show more marked clinical improvement since the cerebral hemi- 
spheres of these children have undergone deformity over a longer period of 


time. Children operated upon after the age of 2 years show little immediate 


A. B. 





Fig. 4 (Case 3).—A and B, Upper photographs show patient as an infant before opera- 
tion, at which time she was considered to be retarded. She was operated upon soon after this 
photograph was taken. C and D, Lower photographs show patient at the age of 12 years. 


alteration in skull shape but again the clinical improvement may be impressive. 
A striking example of alteration of the shape of the cranial cavity is 
evident in the illustration of Case 23 (Fig. 5). The deformity of the infant’s 
head was noticed at birth, the diagnosis confirmed by roentgenography 
within the first two weeks, and the patient operated upon at the age of 
5 months. The postoperative photographs taken at the age of seven months 


show the striking change toward normal. 
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Of the twenty-nine cases in this group, twenty-seven patients have been 


operated upon. Since 1935 several types of operations have been used, in- 
eluding subtemporal decompressions and multiple linear craniectomies. —Bi- 
lateral parasagittal craniectomy has proved to be the operation of choice 
for premature closure of the sagittal suture. Mount"? has performed a 


Ms. 5. 





C, dD. 
Fig. 5 (Case 23).—A, B, C, and D, Pre- and postoperative photographs of patient with 
premature closure of sagittal suture. Postoperative photographs show normal contour of head 


two and one-half months after bilateral parasagittal craniectomies performed at the age of 
5 months. 

midline sagittal craniectomy in cases of this type but such a procedure 
endangers the sagittal sinus, both at the time of operation and during the 
postoperative period. In this series, a strip of bone in the midline has been 
left for the protection of the sinus. 

An illustrative case from this group is outlined here. 
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CASE Report.—C, E. D. (Fig. 6) was first admitted to The Children’s Hospital with 
right upper lobe pneumonia at the age of 9 months. At that time the anterior and posterior 
fontanels were closed and the head was elongated with prominence of the frontal region. 
t 


the age of 15 months showed the sagittal 


foentgenographie examination of the skull a 
suture to be fused. The patient developed normally to the age of 4 vears and was not re 
ferred for surgical treatment. Between the age of 4 and 6 years he became very irritable 
and uncooperative. He constituted a distinct behavior problem in his home and developed 
enuresis, a symptom he had not displayed previously. 

In July, 1938, he was first referred to the Neurosurgical Clinic. He was a well-developed 
and nourished boy who was very uncooperative. Compiete physical and neurological exam 
inations were normal. There was no papilledema. Laboratory studies of blood and urine 
showed no abnormalities. A pneumoencephalogram showed moderate dilatation of the left 
lateral ventricle and no other abnormalities. 





A B. 
Fig. 6 (Case 1).—A and B, Roentgenograms of patient, aged 6 years, with craniosynos- 
tosis of sagittal suture. Behavior problem was greatly improved by operation. He was on 


honor roll in school at age of 14 years. Note fusion of sagittal suture and slight increase in 
convolutional markings of skull. 


Bilateral subtemporal decompressions were performed in July, 1988. He was _ seen 
one month after discharge from the hospital, at which time his mother stated that she and 
her neighbors were amazed by his personality improvement. At the age of 11 years he was 
doing well in the fifth grade. He was last seen on July 18, 1946, at the age of 14 years. 
He showed no signs of pressure, the decompressions were still open and soft, and he was 


noted to be on the honor roll in school. 

Premature Closure of Coronal Suture.—Premature closure of the coronal 
suture alone presents a striking contrast to closure of the sagittal suture. The 
anterior portion of the head becomes high and broad. There is frequently 
vross deformity of the forehead, occasionally hypertelorism and ptosis of the 
eyelids. Asymmetry is commonly seen in those cases in which the closure 
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occurs after birth, since one coronal suture may fuse completely before the 
other. 

In the present series there were eight patients with premature closure 
of the coronal suture, five females and three males. Three of these children 
showed evidence of mental retardation to objective psychometric examination. 





Fig. 7 (Case 34).—A, B, 
syndactylism of hands and feet. The characteristic deformity of the head and the healed in- 
cision of a recent bilateral corona! craniectomy are evident. Lateral roentgenogram of skull 
shows deformity of head ten days after operation. 


C, and PD, Patient with premature fusion of coronal suture and 


In spite of the striking deformity in this group, only one patient reached the 
hospital for operation at the age of 6 months and only three under 1 year. 
None of these patients showed evidence of increased intracranial pressure. 

The incidence of associated congenital anomalies in these cases has been 
high: in the first case, persistent enlarged parietal foramina of the skull; 
in the second, large parietal bone defects and bifid uvula; and in four others 


ome 
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syndactylism of all four extermities (Fig. 7). If strabismus, ptosis, and 
exophthalmos were present before operation, they seemed to improve slowly 


months or vears after operation (Figs. 8 and 9). 


Jas oy 








c 1g 8 
Fig. 8 (Case 30).—A, B, C, and D, Pre- and postoperative photographs of patient with 
premature closure of coronal suture. At the age of 914 years she has normal intelligence and 
appearance has improved as the years have passed. Younger brother of this girl also had 


craniosynostosis of coronal suture. 


Surgical treatment in these cases has consisted of coronal craniectomy 
either in one or two stages, removing a 1.0 em. strip of bone extending from 
one squamosal suture across the midline to the other. In three eases, 
bilateral subtemporal decompressions were also performed. One patient had 
coronal craniectomy repeated two years after the original operation, which 





was performed at the age of 6 months. 
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Most of the children in this group have been operated upon at a 


relatively late age and in none of them has there been a striking change 
in the shape of the head within a few weeks of operation. The one child in 
this series who has been followed to the age of 914 years has shown improvement 
in the contour of the head and has developed normally. Earlier operation, 
that is, in the first two or three months of life, should do much to improve 
the gross cranial deformity evident in all of these children. 





Fig. 9 (Case 30).—A and B, Anteroposterior and lateral roentgenograms of skull show 
wide transverse diameter typical of premature closure of the coronal syture. The forehead is 
high and the head brachycephalic. 


Premature Closure of Two or More Sutures. 

Premature closure of sagittal and coronal sutures: Four children were seen 
in whom there was premature closure of the sagittal and coronal sutures, the 
other cranial sutures being patent. One of these showed an additional deformity 
characteristic of fusion of the metopic suture, a very pointed. forehead. 
Operation was carried out at the age of 8 months and when last seen, at 
the age of 8 months, there was improvement in head shape, as well as ap- 
parently normal mental development. In constrast to the first patient, a 
second child came to the hospital for operation at the age of 51% years. The 
sequence of closure of her cranial sutures is not known but the forehead was 
broad and high. There was also asymmetry of the head, presumably due to 
closure of one side of the coronal suture before the other. The deformity in 
both of these children was that of a brachyeephalie head with increase in height 
of the forehead. The third patient was seen only once in the hospital because 
of ‘‘peeuliar deformity’’ of the head at the age of 12 years. Roentgenograms 
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showed closure of the coronal and sagittal sutures and admission to the hospital 
was advised but refused. The roentgenograms in this instance also showed a 
very high forehead and a brachyeephalie skull with accentuation of digital mark- 
ings. At the age of 22 this patient was reported to be in the United States 
Navy. Only one patient in this group exhibited any other anomaly, That child 
had bilateral svndactylism of hands and feet. 

Two of these patients have had primary operations too recently to deter- 
mine final results and a third had no operation. The fourth patient showed no 
retardation before operation at the age of 414 years and has continued to 
develop normally. The youngest child showed papilledema bilaterally before 
operation and this was relieved by operation. None of these children has 
shown distinct evidence of retardation and it can only be surmised that this 
combination of suture closure is a serious one but does not carry with it as 


ominous a prognosis as other combinations to be discussed here. 


Premature closure of sagittal and lambdoid sutures: In the experience of 
The Children’s Hospital, there have been three patients with premature 
closure of the sagittal and lambdoid sutures. Each of these showed evidence 
of obvious mental retardation when first seen in the hospital. One of these, 
first operated upon at the age of 23 months, has improved and is considered 
by her family to be bright, but objective psychometric examination showed 
significant retardation. The other two patients, first treated surgically at 
the age of approximately 3 years, have shown no real improvement and were 
retarded mentally when last seen. This group of cases showed frequent 
association of other congenital anomalies. One child had multiple congenital 
anomalies of the vertebrae, another had exophthalmos and strabismus, which 
were not secondary to increased intracranial pressure. 

Surgical treatment in each of these children included linear craniectomies 
and subtemporal decompressions, none of the procedures being done earlier than 
the age of 23 months. Pneumoencephalograms in two of these patients showed 
eross ventricular dilatation and cortical atrophy. 

It is of some interest that in two of the three patients of this group, the 
coronal suture was distinctly open at the age of approximately 3 years. At 
the age of 4, in one case and 7 in the other, there was roentgenographie 
evidence of closure of all of the cranial sutures. The third patient showed 
some progression toward complete closure of all sutures at the age of 2 
vears. It is obvious, therefore, that these three patients, if seen for the 
first time at more advanced ages, would have been included in the oxycephalic 
eroup with complete closure of all eranial sutures. 


Premature Closure of All) Cranial Sutures.—Patients with premature 
closure of all the cranial sutures present a reasonably consistent deformity of 
the head but the contour may vary slightly depending on the sequence in 
which the sutures fuse. The head is usually small, pointed at the vertex, with 


the eves prominent. Greig?’ divided such eases into true oxveephaly and delayed 
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oxycephaly. In the first group, the closure of sutures is present at birth. In 
the latter, it develops sometime in the postnatal period or in later infaney or 
childhood. 

Aceording to previous reports in the literature, these children have 
commonly shown not only mental deficiency but blindness as well. Many 
explanations of the blindness associated with synostosis of all the sutures 
have been suggested, the most reasonable being that optie atrophy results from 
chronically increased intracranial pressure. Most writers have agreed that 
if blindness does not develop before the age of 8 years, it rarely appears. 

This series includes six patients with clinical and roentgenologic evidence 
of closure of all the cranial sutures. One of these patients was operated upon 
first at the age of 314 months, one at 4 vears, eleven months, one at 5 years, 
one at 6 years, and one at 714 years. Only one of these patients showed 
any associated congenital anomaly. That child first had a roentgenogram taken 
at the age of 714 years and showed fusion of all sutures. Her head contour 
is typical of those cases with closure of the coronal suture. She had 
syndactylism of hands and feet. 

On admission to the hospital, the two voungest patients showed definite 
papilledema bilaterally. Both of these showed complete remission of the 
papilledema after decompressive operation. The other three patients, all 
seen after they were 5 years of age, had various degrees of optic¢ atrophy but 
no demonstrable loss of visual acuity. None of these has shown any progression 
of visual disturbance and it seems fair to assume that surgical procedures were 
effective in preventing any further loss of vision. <All of this group showed 
accentuation of digital markings in the skull by roentgenographic examination 
(Fig. 10). 

The type of surgical treatment carried out has varied as experience 
has increased. In three of the earlier patients, subtemporal decompressions 
combined with linear craniectomies were done. In the last two, linear erani- 
ectomies were performed without subtemporal decompressions. The three 
older patients of this group were obviously retarded mentally on admission 
to the hospital. One of them showed no significant improvement after operation; 
the other two were considered improved postoperatively by their families, but 
were nevertheless retarded. One is slightly retarded with an I. Q. of 99, 

The fourth patient first showed closure of the coronal and_ sagittal 
sutures at the age of about 18 months, but at that time there was no evidence 
of increased intracranial pressure, no mental retardation, and no- visual 
disturbance. During the fourth vear, his mental development became noticeably 
retarded and there was bilateral papilledema. Subtemporal decompressions 
were performed. Subsequently coronal craniectomy was also done and_ the 
latter operation was repeated three years later. The patient has recently 
been seen at the age of 11 years and, although small for his age, he is not 
mentally retarded and has adequate, if not completely normal vision (Fig. 11). 

A report of the youngest patient in this group is presented in some detail 


(Fig. 12). 




















weight slowly and had repeated cyanotic attacks, particularl¢ 
was beginning to hold up his head and to recognize objects, at 
Family history was noncontributory. 
Physical examination revealed temperature, 98° F.; pulse, 
pressure 100/65. 


The head measured $8.5 em., forehead and vertex narrow. 





C BP. 


Fig. 10 (Case 46).—A, B, C, and D, Premature closure of 
genograms show small head, absence of sutures, accentuation 
obliteration of accessory sinuses. 








CASE ReEporT.—R. C., a male infant, was 3144 months old 
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when first admitted to the 


hospital. Birth weight was 4 pounds, 12 ounces. Closure of the sutures had been noted at 
birth and confirmed by roentgenogram at 5 days of age. After birth the infant gained 


atter feedings. The patient 


the age of 3144 months. 


120; respirations, 30; blood 


The head tapered toward the 


midline in the posterior parietal region. The veins of the scalp were dilated and the skin 


all cranial sutures. Roent- 
of digital impressions, and 
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was very red. The fontanels were closed. The eyes were prominent but there was no 
definite exophthalmos. The optic dises showed papilledema of 1 to 2 diopters. There was 
noisy breathing through the nose and mouth but no organie obstruction was found. There 
was a systolic murmur over the precordium and a questionably enlarged heart. The re- 
mainder of the examination was normal. 

During the patient’s course in the hospital there was choking, respiratory obstruction, 


and transitory cyanosis on repeated occasions during feedings. 








A, B, C 

sagittal sutures treated by bilateral subtemporal decompression. Roentgenogram shows bulging 
of decompression on right with bone regenerating over surface. Photograph taken after left 
side had also been operated upon. Coronal craniectomies later performed. Patient has normal 


Fig. 11 (Case 47). , and D, A patient with premature closure of coronal and 


intelligence at the age of 


11% years. 
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Operations were performed at the age of 54 months. On two occasions Avertin, 100 mg. 

per kilogram, was administered per rectum but on each occasion the child became cyanotic, 
showed Cheyne-Stokes respirations and apnea, and required artificial respiration. Drop ether 


iad the same general effect. On a third occasion brandy was administered by stomach tube 


> 





and a coronal craniectomy was carried out under local procaine anesthesia. In a similar 
manner @& lambdoid craniectomy was done eleven days later. Polyethylene film was inserted 


« 


over the bone edges of the craniectomies. 








Cc. D. 


Bie. 12 (Case 45). 1. B,C, and D, Pre- and postoperative photographs of an infant 
With premature closure of all cranial sutures. Preoperative vascular congestion, papilledema, 
cyanotic attacks, and mild exophthalmos relieved by coronal and lambdoid craniectomies. 


Postoperatively the patient did extraordinarily well. There were no further cyanotic 
attacks and the noisy respiratory sounds became less marked and finally disappeared. The 
head showed rapid enlargement with spreading of the artificial sutures, particularly of the 
coronal. Physical and mental development progressed normally, the papilledema disappeared, 


and vision was grossly normal. 
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At the age of S months the child developed a severe respiratory infection and 


died of an overwhelming pneumonia twenty-four hours later. Post-mortem examination 
showed pneumonia to be the cause of death. The bronchial tree and the cardiovascular 
system were free of congenital anomalies. The head showed the coronal eraniectomy to be 
4 to 5 em. in width compared to its original width of 1 em. There was no increased intra- 
cranial pressure. There was a mild degree of platybasia. It was of particular interest that 
the brain weighed slightly more than normal for the age of the patient and serial coronal 
sections showed no abnormalities. 

There was no evident foreign body reaction to the polyethylene film over the bone 
edges of the craniectomies. New bone had re-formed from the periosteum and had attempted 


to grow over the layer of film to close the defect in the skull. 

Other Types of Synostosis Cranu.—Oceasionally patients are seen in whom 
one side of the coronal suture only has closed, leaving all of the other sutures 
patent. This results in an asymmetry of the head which has been termed 
plagiocephaly (Fig. 13)). In the experience of this clinic, such mild deformities 
have not interfered with the normal growth of the brain and it has not been 





Fig. 18 (Case 39).—Premature closure of one coronal suture in an infant giving an asym- 
metrical forehead. This patient later developed premature closure of both sides of the coronal 
suture and of th® sagittal suture, requiring operation. 


necessary so far to treat such patients surgically. It is of extreme importance, 
however, to follow these patients closely with periodic physical and 
roentgenographie examinations because closure of one-half of the coronal suture 
may be the precursor of closure of the other half or of closure of the sagittal 
suture, a sequence of events which probably occurred in one of the patients 
discussed previously. 

More frequently than plagiocephaly, one sees normal children with 
markedly pointed foreheads. This deformity, called trigonocephaly, is the 
result of premature closure of the metopie suture. Normally this suture is 
obliterated at the time of birth, although it may persist for months or years. 
In order to cause deformity of this type, closure of the metopie suture must 


oceur in utero (Fie. 14). 
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This deformity has been found to be of no clinical significance so long as 
the other suture lines are normal and it has been felt that no surgical 
treatment Is necessary except when the deformity is so marked as to warrant 


surgery for the cosmetic effect. 


SURGICAL TREATMENT 

It has been the experience of most neurosurgeons that any decompressive 
operation performed in infants for synostosis cranii is effective for a relatively 
short time beeause of the tendency of the bone to heal rapidly. Reports by 
King,'? Woodhall,’* Faber and Towne, and others have indicated that to gross 
palpation and to roentgen-ray visualization, operative skull defects often show 
firm healing in four months. Judging from the experience at The Children’s 
Hospital, it is doubtful if simple near craniectomies performed in infants 
permit expansion of the skull longer than four to eight months. Cases have 
heen observed in which 1 ¢m. strips of bone have been removed trom = each 
parasagittal region; roentgenograms taken twelve months later showed complete 
healing with almost no evidence of the previous craniectomies. Others have 
shown solid bone bridges across the craniectomies within six months, thus 


preventing further skull expansion. 





A, Bs 


Fig. 14.—A and B, Characteristic deformity of premature closure of the metopie suture. This 
deformity ordinarily requires no surgical treatment. 


Many types of operations for the relief of Craniosynostosis have been 
described since Lannelongue™ in France in 1890 and Lane! in the United 
States in 1892 first used linear craniectomies for the relief of craniosynostosis. 
Subtemporal decompressions have been used widely during the past forty 
years and apparently with some success. Numerous other techniques have had 
their proponents, but there is a growing feeling that linear craniectomy in the 
region of the fused sutures is the most physiologie method for allowing a 


erowded or deformed brain to erow in normal fashion, 
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While any one of several types of craniectomy produces satisfactory 
immediate relief of cerebral compression in older children, all of the methods 
previously reported have been inadequate for treatment of premature 
eraniosynostosis in early infancy. The rapid rate of bone regeneration in this 
age group has resulted in reclosure of artificially created sutures or decompres- 
sions before the period of rapid brain growth has been completed. This 
has necessitated secondary operations frequently in the series of cases treated 
at The Children’s Hospital. Of fourteen patients under 2 years of age treated 
by linear craniectomy and followed for more than one year, eight have required 
secondary procedures because of bony fusion of the craniectomies. 

Experimental studies were therefore instituted in the laboratory to dis- 
cover methods suitable for use in infants to prevent or retard significantly 
the healing of artificial suture lines. These experiments have been reported by 
Ingraham, Matson, and Alexander.'® It was found that certain inert foreign 
materials, including tantalum, methyl methacrylate (Lucite), and polyethylene 
will significantly retard the healing of artificial cranial sutures in) youne 
animals. Of these three materials, polyethylene in the form of a thin film 
is the easiest to handle technically and is least expensive; it has therefore 
been adopted routinely for use over the cut edge of artificially created cranial 
sutures in patients. Since this experimental work was completed, Simmons 
and Peyton’ have reported the use of tantalum foil over one margin of artifieally 
created sutures in two infants with craniosyvnostosis. 


Present Technique.—For premature closure of the coronal suture, a 
coronal eraniectomy is performed, extending from one squamosal suture 
across the vertex to the other. Lambdoid craniectomy is similarly done for 
premature closure of that suture. For sagittal suture closure, parasagittal 
craniectomies are performed, leaving a strip of bone 8 em. in width in the 
midline over the sagittal sinus. These craniectomies should always extend 
beyond the lambdoid and coronal sutures. The operations are performed 
under ether anesthesia. 

Although new bone forms from the dura, which is the endosteum, the 
periosteum re-forms bone much more rapidly. The only significant bridges 
across skull defects in the laboratory animals were seen on the external sur- 


face, having regenerated from periosteum. This has led to a wide removal of 


periosteum adjacent to craniectomies in patients. After opening the sealp, 
therefore, the pericranium is resected for a distance of 2 to 38 em. on each 
side of the proposed craniectomy. 

A linear craniectomy is performed by making multiple burr holes 5 to 7 em. 
apart either at the site of the svnostosed suture or adjacent to it. These burr 
holes are connected by a Gigh saw, removing strips of bone 1.0 to 1.5 em. in 
width. The burr holes may be connected by scissors in infants under 4. to 
6 months of age. The dura is not opened but it is separated from the bone 
about 1.5 em. to either side of the linear craniectomy. Drill or puneh holes 
2 mm. in diameter are made 6 mm. back from each bone edge at intervals 


of 5 em. 


7a Pee 
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Fig. 15.—Polyethylene film folded over curved malleable retractor prior to sterilization by 
boiling. It retains the curved contour which facilitates the insertion of the film over the bone edges. 


At the top, the film has been removed from the metal retractor. 


Cut edge 

of periosteum 
Lambdoidal 
suture 


Synostosis 
of sagittal 
suture 


Coronal suture: 


Fig. 16.—Operative field in a case of premature closure of the sagittal suture. Parasagittal 


craniectomies have been done, the periosteum widely resected. Polyethylene film. 
inserted on one side and is being fixed in position on the other side. 


has been 











SURGERY 


Polyethylene film 0.005 em. thick is eut in strips 2.5 em. wide and about 
25 em. long.* It is folded over the edge of a+ malleable abdominal retractor 
bent according to the contour of the infant’s head. The folded film is held 
in position with tape or large caliber string pulled firmly but not tightly 
(Fie. 15). The malleable retractor and the film are wrapped in a gauze 
sponge and boiled in water for thirty minutes.  Autoclaving will change 
the plastic film into an amorphous mass, but boiling alters the film only in 
making it maintain the U-shape it assumed during the boiling process. 


A piece of the sterile U-shaped polvethylene film is then trimmed so that 





each limb is about 1.0 em, wide and the length conforms exactly to the length 
of the craniectomy. It is inserted over the margins of the craniectomy and 
held in place by silk sutures passed through the drill holes and = the film 
(Fig. 16). The film tears only with strong foree. It can be handled easily, 
therefore, and with a little experience made to lie smoothly over inner and 
outer bone surfaces. The film is placed over both edges of each craniectomy. 
The sealp wound is then closed in layers with interrupted sutures of fine 
silk. 





A. B. 


Fig. 17 (Case 27).—A and B, Anteroposterior and lateral roentgenograms ten days after 
bilateral parasagittal craniectomy in an intant. Characteristic deformity of premature closure 
of the sagittal suture is evident. Craniectomies carried through coronal and lambdoidal sutures, 

Twenty-two linear craniectomies usine polyethylene film have been  per- 
formed on nineteen patients in the past twelve months. There have been no 
postoperative deaths, no wound infections, and no- serious complications 
other than a severe laryngitis and tracheitis in one patient. The longest 
follow-up period for any patient is twelve months. Pericranium was_ not 
resected, widely in that patient and film was placed only over one bone edge. 
There has been bony healing from the bone edge not covered with film = but 
the craniectomies are still palpable. The pateney of those craniectomies per- 
formed with wide removal of pericranium and wrappine of both bone edges 


*Obtained from Harwid Plastics Company, 1108 Boylston St., Boston, Mass. Now avail- 
able also in thinner sheets of 0.00226 cm. 
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with film has been much more satisfactory. The length of time since operation 
of most of the cases is insufficient to justify any final conclusions regarding the 
effectiveness of the polyethylene film in maintaining the patency of artificially 


Pie. 17 


created cranial sutures but the early results are most promising 


SUMMARY AND CONCLUSIONS 
1. Because of the rapid growth of the brain during the first vear of 
life, it is to be expected that the best results from surgical treatment of 
premature closure of the cranial sutures will be obtained during this period. 
This has been confirmed in the series of cases described in this report. This 
fact places the responsibility for early suspicion and diagnosis of this condition 


upon the obstetrician and the pediatrician. 


2. Of the fifty cases presented here from The Children’s Hospital, forty- 


four patients have been treated by surgical procedures. (See Chart 1 and 
Tables I and Il.) Twenty, or 40 per cent, were retarded to some extent before 


operation; 25 per cent of those treated surgically showed retardation after 


operation. Divided into separate groups, 24.4 per cent of the sagittal group, 


37 per cent of the coronal group, and 88° per cent of those patients with two 


or more sutures fused showed mental retardation. 


Sagittal 
(29) 


Coronal 
(8) 


Sagittal and Coronal 
(4) 


Sagittal and Lambdoid 
(3) 


All Cranial sutures 
(6) 


Chart I.—Craniosynostosis, sutures involved. 


3. In the entire series, twenty patients received primary surgical treat- 
ment before the age of 1 year. Of this group there was only one definitely 
retarded patient. 

4. Many patients, particularly those treated before 1940, came to the 
hospital at ages varying from 3 to 7 vears. They were usually retarded when 
brought in for medical aid and little was to be expected from any surgical 
procedure. In spite of this, and often to the surprise of the physician, there 
was marked improvement in the patient’s behavior at home. 

5. Premature closure of the sagittal suture was the most common single 
tvpe of synostosis found. It was involved in all the patients of the entire 
series except eight with premature closure of the coronal suture alone. Con- 
genital anomalies are more frequently found in+association with closure of 
the sagittal suture than in the normal population. No single anomaly has 
been found to predominate, 

6. Premature closure of the coronal suture is usually associated with other 


congenital anomalies, particularly svndactylism of hands and _ feet. 
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TABLE I. AGE WHEN DEFORMITY WAS FiIRSt NOTED 


AGE NUMBER OF PATIENTS 
At birth 32 
1-3 months 6 
3-6 months - 
6-9 months | 
9-12 months | 


Over 12 months ya 
Unknown 0 
Total D0 


TABLE II. RELATION OF RESULTS TO INTERVAY BETWEEN ONSET AND OPERATION 


TOTAL RETARDED 
Less than 1 year 22 o 
1-2 years 10 | 
2-4 years | > 
1-6 years { 3 
Over 6 years } o 
Unoperated 6 { 
Total 50 20) 


7. Patients observed over several years have been found to show gradual 
closure of other cranial sutures than those originally involved. It is, therefore, 
imperative to follow these patients with periodie physical examinations, mental 
evaluation, and roentgenograms. 

8. The forty-four patients treated surgically have had a variety of decom- 
pressive operations, all of which have apparently been effective to some degree. 
Linear eraniectomy with polyethylene film inserted over the bone edges to 
retard regeneration of bone has been adopted as the operation of choice. The 
present technique for this procedure has been described in detail. 

9. In general the prognosis for mental development of a patient with pre- 
mature closure of the cranial sutures treated under the age of 1 year is ex- 
eellent, but if synostosis is evident at birth, surgical therapy should not be de- 
laved more than a few weeks. It is inadvisable to delay operation until mental 
retardation becomes evident. 

10. The mortality for operation on infants with craniosynostosis is negligible 


when proper supportive measures are provided. 
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THE ANTIBACTERIAL EFFECTS OF G-5,* G-11,t AND A-151,4 WITH 
SPECTAL REFERENCE TO THEIR USE IN THE PRODUCTION 
OF A GERMICIDAL SOAP 


Priuir B. Price, M.D., aNp ALBERTA BONNETT 
SALT LAKE Ciry, UTAH 


(From the Department of Surgery, University of Utah School of Medicine) 


i ER since the time of Robert Koch (1SS81) unsuecesstul attempts have been 
made to produce a germicidal soap. The need for such a soap is obvious. 
The skin acts both as a barrier to microbie invasion of the body and as a ear- 
rier of potentially dangerous germs. Use of an effectively bactericidal soap 
would from both standpoints reduce the chances of infection. 

Mechanical cleansing of skin with ordinary nonmedicated soap removes dirt, 
oils, and fats, as well as many loosely attached contaminating microorganisms, 
but the resident bacterial flora is not easily reduced. ! Streptococci, pneumococci, 
diphtheria and influenza bacilli, and other susceptible pathogenic microorgan- 
isms are sometimes observed to have disappeared from hands after washing 
with ordinary soap, but staphyvlococel, colon bacilli, and sporulating anaerobes 
are more resistant. Yellow **kitchen soap ’’ is more germicidal than bland white 
toilet soaps, as Kelly? demonstrated long ago, but that advantage is offset by its 
harsh irritating effect on skin. Pohle and Stuart* in 1941 reported that rosin 
soaps, or coconut oi] soaps containing rosin, are more effective than ordinary 
soaps in degerming the skin. 

Such studies are complicated by the tendeney of many extraneous bacteria 
to disappear spontaneously from the cutaneous surface. This **self-disinfecting 
power’ of skin remains poorly understood despite researches of Schiemann,* 
Arnold and associates,” Norton and Novy.® Burtenshaw,’ and others. 

It might appear easy at first thought to produce a germicidal soap simply 
by incorporating a germicide in soap. Many such preparations have been made, 
and some of them have been marketed with extravagant and unwarranted claims. 

According to Gump,” a germicide added to soap should fulfill the following 
conditions: It should **retain its germ-killing powers in soap. It should not 
react with the soap constituents, or with the moisture contained in the soap. It 
also should not be influenced by the free alkali of the soap, nor by the alkalinity 
produced by the hydrolysis of the soap in the water. It should not be volatile 
and should not have a disagreeable odor. It should be relatively nontoxic, and 
should not be irritating to the skin or be a sensitizer. It should not stain the 
skin or cause spots on the laundry.”’ 

Very few chemicals meet these requirements. In fact, none of the familiar, 
time-honored germicidal soaps, tested by rigid standards, is found to have much 
disinfectant power. 

Aided by a grant from the Givaudan-Delawanna Company, Delawanna, N. J. 

Received for publication, Feb. 18, 1948. 

*G-5, bis-(3,5-dichloro-2-hydroxyphenyl) methane. 


rG-11, bis-(3,5,6-trichloro-2-hydroxyphenyl) methane. 
\-151, a complex salt of ethylene thiourea and silver nitrate. 
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Recently,* a number of hitherto untried chemical compounds were found t 
retain a large part of their bactericidal streneth in the presence of excessive 
amounts of soap. Some of these compounds are di-phenols, derivatives of di- 
phenyl, dephenylsulfide, and diphenylmethane. Two of them, whose structures 
are indicated here, have for convenience been designated G-5 and G-11. Another 
promising substance, a complex salt of ethylene thiourea and silver nitrate, is 


called A-151. 





OI OH OL OT 
er) CH, (No na CH, ay NTL CH 
| | | | AoNO fF sc°7 ; 
| | | | a a \NH—CH, 
a a ll uat bl 
(| (‘| ("| (‘| 
G-5 G-1] A-151] 


G-5 and G-11 are white powdery compounds, virtually insoluble in water, 
hut soluble in aleohol, acetone, and dilute alkali. A-151, a colorless crystalline 
compound, is soluble in hot water as well, but only sparingly in cold water. These 
three substances have been used in a new effort to produce a truly germicidal 
SOap. 

Of the three products, the one which has received most attention is G-11. 
Traub, Newhall, and Fuller’ reported that 2 per cent G-11 soap used regularly 
for a week or more causes a pronounced reduction in the cutaneous bacterial 
flora. They elaim that ‘ta person using this soap regularly each time the hands 
are washed has a lower resident count after 2 minutes of washing than one who 
washes for 20 minutes with ordinary toilet soap.’” These conclusions were ¢or- 
roborated in general bv Udinsky,'" who emploved simplified hacteriological tests, 
but extended his observations over a period of many months. More recently, 
Seastone' has reported similar results. We are informed!? that G-11 soap in 
now being given a clinieal trial in certain selected surgical clinics. 

The present investigation was undertaken as part of a large scale critical 


study of skin disinfectants and skin disinfection. 


PECULIAR ASPECTS OF THE PROBLEM 


The insolubility of G-5, G-11, and A-151 in water makes it necessary to 
employ solvents—alcohol, acetone, or sodium hydroxide—which in themselves 
have antibacterial action. Attempts to elimate the bactericidal or bacteriostatic 
effeet of the solvent by dilution with water results also in precipitation of in- 
determinable amounts of the chemical agent to be tested. For simple example, 
a 1:100 solution of A-151 in hot water is clear; diluted with 50 parts of cold 
distilled water, it turns cloudy; centrifuged rapidly for 1 hour, a clear super- 
natant fluid is obtained which retains a considerable amount of bacteriostatic 
activity. 


*In the laboratories of the Givaudan-Delawanna Company. 
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It is believed by the manufacturers that the alkali of the soap in which G-5, 
G-11, and A-151 are incorporated serves to keep the chemicals in effective solu- 
tion, but to what degree that is true in the presence of large amounts of water, 
especially hard water, or in culture media used for making bacterial counts, is 
unknown. That may be a consideration of some importance, since G-5 and G-11 
inhibit bacterial growth when they are present even in minute amounts. 

Another difficulty arises from lack of specific antidotes or neutralizing 
agents for phenolic compounds. It is conceivable that, as in the case of mercurial 
disinfectants, G-5, G-11, and A-151 unite in some way with bacterial cells, and 
that this union is not broken by subsequent dilution or washing with water. 
The chemical still attached to, or combined with, the cells may then inhibit their 
erowth in cultures without killing them. A very common pitfall in all studies 
of disinfection lies in mistaking bacteriostasis for bactericidal effect. Unless 
a specific antidote is employed, which effectively removes or neutralizes the dis- 
infeetant being tested, gross misconceptions of its germicidal value may be ob- 
tained. 

Seastone'? has suggested the use of serum in media as an antidote for G-5 
and G-11. Although serum probably does not neutralize these agents chemically, 
it does liberate some of the bacteria, as shown by significantly higher bacterial 
counts in serum agar plates. <A-151, on the other hand, can be neutralized 
chemically without difficulty. 

Another interesting complexity of these tests is that very minute quantities 
of G-5 and G-11 in cultures, amounts too small to have any bacteriostatic effect, 
seem to result in significantly higher counts than controls show. Whether that 
is due to breakup of coceal clumps, or to stimulation of certain bacteria which 
otherwise would not grow out, or to some other effect, we do not know. 


IN VITRO TESTS 
Scores of tests were made, using the three chemical agents in various con- 
centrations against Staphylococcus aureus, Staphylococcus albus and Escherichia 
coli. A number of strains of Staph. aureus were utilized, one from a_ stock 
culture in our Bacteriological Laboratory, one (Strain 209) obtained from the 
U. S. Food and Drug Administration, Division of Bacteriology, Washington, 
D. C., and several isolated from the resident flora of our own hands. Results 
with these different strains were similar. Most of our tests consisted of cultur- 
ing known numbers of vigorously growing test bacteria in poured agar plates. 
In germicidal tests, suspended organisms were exposed to graded concentrations 
of the disinfectant for measured lengths of time immediately before dilution 
and plating. In some of the tests for bacteriostasis, the chemicals were added 
to the bacterial suspensions before plating; in others, the chemicals were added 
to the agar before inoculation with test organisms. Accurate plate counts were 
made after forty-eight hours incubation in order to determine as nearly as pos- 
sible the precise degree of killing or inhibition produced. The following is a 
highly summarized report of this work. 
G-5 has powerful bacteriostatic action. A econeentration of 1:4,000,000 in 
nutrient agar culture media causes complete or nearly complete inhibition of 
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TABLE I. BACTERIOSTATIC AND BACTERICIDAL EFFECTS OF G-5 AGAINST TEST BACTERIA IN VITRO 


TEST BACTERIA DILUTION OF G-5 EFFECT 
G-5 in agar media Staph. aureus 1:4,000,000 Full inhibition 
Staph. aureus 1:10,000,000 No inhibition 
Esch. coli 1:50,000 Full inhibition 
Esch. coli 1:100,000 No inhibition 
G-5 in soap in agar Mixed skin flora 1:750,000 Marked inhibition 
Mixed skin flora 1:3,000,000 Almost no inhibition 
G-5 in blood agar Staph. aureus 1:1,000 Full inhibition 
Staph. aureus 1: 10,000 No. inhibition 
sacteria in suspension,|Staph. aureus 1:1,000 All killed after 30 seeonds 
exposed to G-5, then|Staph. aureus 1: 100,000 exposure 
cultured None killed after 60 seconds 


exposure 


Staph. aureus (Table 1). Less than 1:10,000,000 has little or no bacteriostatic 


effect. That is true whether the original solvent is acetone or sodium hydroxide. 
Mixed skin organisms, mostly Staph. albus, appear to be slightly less susceptible 
to the bacteriostatic effect of G-5; Esch. coli is definitely more resistant. 

The presence of blood or serum in media greatly reduces the bacteriostatic 
effeet of G-5. A concentration of 1:1000 G-5 is required for complete inhibition 
of Staph. aureus, and there is no inhibition in strengths of 1:10,000 or less. 
(Seastone'! noted similar effects with serum in his study of G-11.) 

A solution of 1:1000 G-5 in weak acetone or sodium hydroxide solution 
appears to be capable of killing Staph. aureus suspended in water within 30 see- 
onds at room temperature (about 25° C.). We have not been able to convince 
ourselves, however, that this is all bactericidal effect, and that bacteriostasis has 
no role in the production of negative cultures. Coneentrations of G-5, 1:100,000 
or weaker, appear to have no bactericidal effect on suspensions of Staph. aureus 
in 60 seconds at room temperature. 

In dilutions as high as 1:5,000,000 or even 1:8,000,000 in agar media, G-11 
causes complete or nearly complete inhibition of Staph. aureus (Table II). This 
hacteriostatie effect disappears when the dilutions are in the neighborhood of 
1 :20,000,000. Esch. coli grows with only slight reduction of counts in 1:1,000,- 


1! who in his qualitative 


000 G-11 media. These results parallel those of Seastone, 
tests used much heavier mocula than we have employed in our quantitative ex- 
periments. 

1 :1,000,000 G-11 in .01 N NaOH appears to kill suspensions of Staph. aureus 
after thirty minutes exposure at room temperature, but with exposures of only 
ten minutes normal counts are obtained. (Udinsky’® reported that ‘‘1:1000 


TABLE II. BACTERIOSTATIC AND BACTERICIDAL EFFECTS OF G-11 AGAINST TEST BACTERIA IN 


VITRO 
TEST BACTERIA | DILUTION OF G-1]1 EFFECT 
G-11 in agar media Staph. aureus 1:5,000,000 Full inhibition 
Staph. aureus 1:20,000,000 No inhibition 
Esch. coli 1:1,000,000 Slight inhibition 
sacteria in suspension,|Staph. aureus 1:1,000,000 All killed after 30 minutes 
exposed to G-11, then|Staph. aureus 1:1,000,000 exposure 


Very few killed after 10 
minutes exposure 


eultured 
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rEST BACTERIA 
\-151 in agar media Staph. aureus 


Staph. GQUreUus 


Esc h. ( oli 


\-151 in soap in agar |Staph. aureus 


Bacteria in suspension,|Staph. aureus 
exposed to A EER 
then eultured Staph. CGULreEeUs 


Esc h. coli 


















continued. 


tions of actual use. 


TABLE IIT. BACTERIOSTATIC AND BACTERICIDAI 


accordanee with the standard F. | 
Esch. coli as aewainst Staph. aureus. 


perature, but 1:500,000 has no killing action 


1:100,000 coneentration has no. sienificant 


noticed, however, that despite 


SKIN 


provides more trustworthy information, we 


original bacterial population, the effect of any 
population, and the size of the population left 


together, or at least to be detected and taken into 
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VITRO 

DILUTION OF A-151 
D0,000 
21,000,000 


250,000 


50,000 
> 100,000 


l 
l 
l 
1:1.000,000 
] 
l 
l 


> 10,000 
1:500,000 


1: 10,000 















EFFECTS OF A-151 AGAINST TEST BACTERIA IN 


EFFECT 

Full inhibition 

No inhibition 

Full inhibition 

No inhibition 

Full inhibition 

No. inhibition 

All killed after 60 seconds 
exposure 

None killed after 60 seconds 
exposure 

None killed after 30 seconds 
exposure 


G-11 will kill Staphylococcus aureus in five minutes at 37° C. when tested in 
A. germicidal procedure.” ) 


In contradistinetion to G-5 and G-11, A-151 appears to be as effective against 


A-151 is bactericidal for Staph. aureus in 


Obviously, all such in vitro tests have more academic interest than practical 
value. It is only when disinfectant agents are tested under conditions of actual 
use that thetr real merit can be determined. 
DISIN FEC'PION 

These three compounds, G-5, G-11, and A-151, incorporated in soap, have 
heen subjected to our serial basin test, ', |’ which, though tedious to preform, 
any other way. Advantages which may be claimed for the procedure are: 


1. That it differentiates between transient and 
and shows specifie effeets of germicides upon those two groups of microorganisms. 


2. That it measures quantitatively and fairly accurately the size of the 


3. That it enables the disturbine factor of bacteriostasis to be avoided al- 


4. That it is designed specifically to test skin disinfectants under condi- 


heheve, 


resident flora of the skin, 


given disinfectant upon that 
after the disinfectant is dis- 


account. 


concentrations of 1:10,000 or stronger with one minute exposure at room tem- 
(Table IIT). A quantity of 2 
per cent A-151 soap sufficient to make a concentration of 1 part of the chemical 
in 50,000 parts of agar media causes complete inhibition of Staph. aureus, but a 
bacteriostatic effect. It has been 
availability of thioglyveolate as an effective 
antidote, our tests with A-151 have given less consistent results than those with 
G-5 and G-11.) The values in Table IIT are not to be considered exact, there- 


fore, but rather as average findings in a large number of tests. | 


than can be obtained in 
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5. That it facilitates qualitative studies of the cutaneous flora at various 
stages of washing or chemical disinfection. 
6. That it permits subsequent observations on regeneration and restoration 


of the cutaneous bacterial flora. 


The following soaps* were tested: 

2 per cent G-5 in small cakes of relatively hard soap 

6 per cent G-5 in small cakes of similar hard soap 

2 per cent G-11 in larger cakes of high-grade softer soap 


2 per cent A-151 in small cakes of hard brittle soap 


Since these soaps were tested uniformly under conditions of ordinary 
use (by scrubbing with a brush in warm water), different amounts of soap came 
off on the brush and skin depending on the hardness of the soap used. Com- 
parative weights of dried cakes before and after use showed that the amounts of 
soap actually used each minute of scrubbing averaged : 

2 per cent G-5 soap, 0.475 Gm. 
6 per cent G-5 soap, 0.590 Gm, 
2 per cent G-11 soap, 1.020 Gm. 


pe per cent Aj151 soap, 0.3035 Gm. 
These measurements were taken into consideration in estimatine the concentra- 
tion of the chemieal disinfectants in lather, wash water, and cultures. 
Bacterial Effects of Scrubbing With the 
Periods of One to Ten Minutes. 


serubbed with Ivory soap in a uniform manner in a series of basins of sterile 


Disinfectant Soaps for Single 
In these tests the hands and arms were first 
One of the disinfectant soaps was then substituted for the Ivory soap 


water. 


DEGERMING EFFECT OF A THREE-MINUTE ScRUB WITH 2 PrER CENT G-5 SOAP 
(ORIGINAL PRICE TEST); TIME SPENT IN BACH BASIN, 1 MINUTE 


TABLE IV. 


BASIN SOAP BASIN CUMULATIVI ACTUAL 
NUMBER USED COUNT TOTALS TOTALS 

] Ivory SP5.000 2? 143,000 5.895,000 

9 Ivory $40,000 L3S1TS,000 53.068 000 

3 Ivory P40 000 QOS .000 2 718,000 

} Ivory POD OOD 728,000 2 478,000 

5 Ivorv 256,000 LO LO00 ? 179,000 

6 Ivorv 175,000 173,000 1,923,000 
1.750,000* 

| 2G, G-5 197 000 LL 000 1,488,000 

X 29% G-d 146,000 P54,000 1290, ,000 

7) Day) Gg 5 SS,000 SS,0O00 Eo £5,000 
1,057,000 

10 Ivory 139,000 O07.000 1.057 000 
11 Ivory 95,000 LOS,O00 91S,000 
1? Ivory ES .O00 375,000 SP5, 000 
13 Ivory 85.000 327,000 777,000 
14 Ivory SO,000 P42? O00 692,000 
15 Ivorv 93 000 162,000 612,000 
16 Ivory 69,000 69,000 919,000 


£50 000% 


*The number of bacteria left on the hands and arms after each series of Washings. 


*Prepared for us by the Givaudan-Delawanna Company. 
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in a second series of basins. Finally, in a third set of basins, scrubbing was 
resumed with Ivory soap. Cumulative totals of basin counts were plotted 
against time and the resultant curves were evaluated in relation to the washer’s 
‘standard’? curve of bacterial population reduction by prolonged scrubbing 
with ordinary soap. 

A typical test is shown in Table IV and Fig. 1. Concentration of G-5 in 
the lather in this instance was approximately 1:2000; in the washings (Basins 
7 to 9), 1:480,000; and in the agar plate cultures, 1:4,700,000 or 1 :9,000,000 
depending on the size of sample plated. The lather containing G-5 was in 
contact with the skin for a total of about 135 seconds. All cultures of wash- 
ings were made less than 5 minutes after the hands left the water. The con- 
centration of G-5 in Basin 10 was estimated to be about 1:90,000,000 and in the 
subsequent washings G-5 was considered to be absent. 


Bacterial 
Fiora 


4,000,000 


3,000,000 


2,000,000 


1,000,000 
800,000 
600,000 


500,000 
400,000 








300 OOO ee ee ae ae ee ee ee ee ee 
Minutes of scrubbing time 





Fig. 1.—The actual totals (last column) of Table IV plotted against time to show graphi- 
cally the bacteriologic effects of a single scrub of three minutes with 2 per cent G-5 soap. AG, 
the predetermined ‘‘standard’’ rate of bacteria removal by scrubbing with ordinary nonmedi- 
cated soap. BC, the effect of scrubbing with Ivory soap for six minutes. Deviation of the 
initial point is due to the presence of about 500,000 ‘‘transient’* bacteria, all of which were 
washed off into the first basin. DE, the effect of scrubbing for three minutes with G-5 soap. 
EF, the effect produced when scrubbing is continued for another seven minutes with ordinary 
soap. Reduction of the flora from C to D (that is, from 1,750,000 to 1.488,000 bacteria) is 
attributed to the bactericidal and bacteriostatic action of G-5. This is a relatively small effect. 
Obviously almost the same result would have been obtained had Ivory soap been used through- 
out the experiment. 


It is clear that in this test a three-minute scrub with 2 per cent G-5 soap 
reduced the bacterial flora of the hands and arms somewhat (from 1,750,000 to 
1,057,000), but that this reduction is very little more than would have been 
accomplished by the use of ordinary soap for a similar period of time. Obviously, 
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most of the bacteria removed while serubbine with the G-5 soap were recoverable 
in viable form in the washings of Basins 7 to 9. Whether the 262,000 bacteria 
not accounted for (the absolute total after Basin 6 minus the absolute total of 
Basin 7) were killed by the chemical during the three-minute lather period, were 
inhibited in culture media, or represent technical error, we do not know. 

A comparison of these results with the in vitro findings of Table I is 
instructive. 


Krom many such tests we have drawn the following general conclusions : 


1. None of the disinfectant soaps under investigation is much superior to 
ordinary nonmedicated soap when used for single brief periods of washing or 
serubbing. 

2. Of the four preparations tested, 6 per cent G-5 soap was the most effee- 
tive, and 2 per cent A-151 least effective, but only by narrow margins. 

3. The G-5 soap preparations were shehtly irritating to skin, however, 


whereas G-11 and A-151 soaps were quite innocuous. 
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Fig. 2.—The bacteriologic effects of washing the hands frequently with 2 per cent G-11 soap; 
restoration of the cutaneous bacterial flora after disuse of the disinfectant soap. 








Bacterial Effects of Repeated, Frequent Washing With 2 Per Cent G-11 
Soap.—Table V and Fig. 2 summarize the results of a number of tests made on 
subjects A and B. These two individuals prior to the tests had for various 
periods of time used G-11 soap every time they washed or bathed. Other dis- 
infectant agents, such as alcohol, had not been used for several days, prior to 
each test, as shown in Column 3. What their bacterial counts would have been 
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had the disinfectant soap not been used must be estimated by averaging a large 
number of preliminary control tests; consequently, the ‘‘expected’’ values 


listed in the table are only approximations. By the same token, the effects of 


frequent washing with G-11 soap, expressed in terms of percentage reduction of 
the usual flora, are no more than approximations. 

In general the tests seem to show that the bacterial flora of skin is reduced 
by frequent repeated washing with 2 per cent G-11 soap, maximal reduction 
heing reached after four to seven days of use. Continued use of the soap does 
not reduce the bacterial population further, but does keep it at a low level 
of about 5 per cent of the usual number. 

When use of G-11 soap is discontinued, the cutaneous flora regenerates 
promptly and returns to normal proportions in approximately seven days. A 
similar regeneration rate occurs after disinfection of the skin by other means,’ 
which suggests that G-11 soap has little if any lasting effect in keeping the cu- 
taneous flora low onee its use is discontinued. 

Additional tests were made with five members of our operating room staff, 
three surgical residents and two nurses. Since these individuals did not have 
‘*standard’’ curves established, the absolute effects of G-11 soap on their eu- 
taneous microbie populations were not determined. Bacterial counts of serial 
basin washines indicated, however, that the usual flora of the hands and arms 
of these persons were markedly reduced by daily frequent washing with 2 per 
cent G-11 soap for one week, but that failure to use the soap constantly re- 
sulted in prompt return to higher counts. Many transient bacteria were found 
on all the hands, even when the disinfectant soap was being used regularly. 
The impression was gained that the soap was more effective in keeping the 
resident flora low than in preventing the skin from picking up contaminants. 

It was estimated that in using 2 per cent G-11 bar soap for serubbing, the 
concentration of the chemical in lather was about 1:600, and that a similar con- 
eentration could be obtained by employing a liquid soap containing 0.2 per cent 
G-11. Accordingly, this latter preparation was placed in soap dispensers in 
the operating room, where for six months it was used unwittingly by a large 
number of persons in routine preoperative scrubs. No ill effeets upon the skin 
were noticed. On the other hand, tests made on representative individuals 
showed that their cutaneous bacterial flora was on the average no lower than 
when ordinary nonmedicated liquid soap was employed. In order to keep the 
bacterial flora significantly reduced, it was necessary for these individuals to 
keep cakes of G-11 soap in their rooms and on the wards where they could be 
used many times daily. 

Thorough qualitative studies were not made of organisms found in wash- 
ines before and after use of G-11 soap, but differential counts made in repre- 
sentative experiments showed that the proportionate number of vellow pigment- 
producing surface colonies was not significantly altered by the use of G-11 
soap. 


MISCELLANEOUS OBSERVATIONS 


A number of patients facing elective ‘‘clean’’ operations were given cakes 
of 2 per cent G-11 soap with instructions to bathe the site of operation several 
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times daily for four or more days prior to surgery. At the time of operation 


the skin was disinfected in the customary manner with alcohol, ether, and a 
mereurial or iodine. None of these patients showed any infection or inflamma- 
tion in the wounds. Equally good results were obtained, however, in a paralle! 
eroup of cases in which G-11 was not used. Obviously a clinical test of this 
sort is without significance. The incidence of postoperative infection in any 
group of patients is the net result of so many variable factors, difficult or 
impossible to control, that it cannot be relied upon to measure the influence of 
any one variable—in this instance the use or nonuse of G-11 soap. 

Fresh seratches and abrasions of the skin washed with G-11 soap smarted 
slightly and became mildly inflammed, but no more perhaps than when any 
other soap of equal alkalinity was employed. 

One individual with aene of the face has been kept under observation for 
more than eighteen months during which time 2 per cent G-11 soap has been 
used intermittently. Although the soap has not cured the acne, its repeated 
daily use for extended periods of time definitely reduced the incidence of 
pustules, and each time the soap was discontinued, the number of infections 
increased. 

G-11 is reported by Gump* to be relatively nontoxie when given orally to 
guinea pigs. Injected intravenously, however, in 0.01 N NaOH solution G-5, 
G-11, and A-151 were found by us to be highly toxie. <As little as 35 me. in 
dogs weighing 7 or 8 kilograms usually caused death within a few minutes, 
characterized by convulsive movements, sudden respiratory cessation, and 
widespread intravascular clotting of blood. The remaining fluid blood had 
negligible bacteriostatic power. The 0.01 N NaOH solution alone had no sueh 
effect. 

COMMENT 


Washing or serubbing leaves on the skin a film of soap'* which is not 
entirely removed by ordinary rinsing. A thin layer of G-11 probably persists 
on the hands for some time after each washing, and is responsible for the slow 
but pronounced reduction of the resident bacterial flora which occurs whenever 
the disinfectant soap is used many times daily for several days. If that 
assumption is correct, any washing without G-11 soap would be disadvantageous 
in that the G-11 on the skin might thus be washed away permitting regeneration 
of the bacterial flora. 

There ean be little doubt that G-11 soap has real merit, and that used 
properly it can contribute materially to the perfection of aseptic surgical teeh- 
nique. Patients preparing for elective surgery would do well to bathe the 
field of operation with the soap frequently (five or six times a day) for four or 
more days preoperatively. Such a routine would be far more effective bac- 
teriologically and less harmful psychologically than the old-fashioned ‘‘evening 
ward prep’? of skin painting and sterile dressings still in vogue in some quarters. 
Dentists, whose hands pass from one highly contaminated mouth to another, 
would be well advised to wash with G-11 soap between each ease. Physicians 
and surgeons would probably find it advantageous to use the soap regularly in 
their offices and homes. Hospitals might even consider using no other soap 
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expected that nurses, interns, residents, maids, orderlies, and cooks would all 
earry fewer bacteria on their hands than they do using ordinary soap. 

A word of caution should be added, however. G-11] soap has its limitations. 
It would be unfortunate indeed if those who use the soap permit their enthusiasm 
to engender a false sense of security against infection. Sinee effective reduction 
of the resident bacterial population of skin depends so largely on the frequent 
and unremitting use of G-11 soap, and since a potentially dangerous transient 
flora may at any time be present on the hands, it would seem unwise to discard 
other chemical germicides and depend entirely upon G-11 soap for skin disin- 
fection. We strongly recommend, for the present at least, that the customary 
preoperative scrub and hand disinfection routine be carried out in full even 
though G-11 soap has been used. Likewise the field of operation should be 
treated as heretofore with germicidal solutions immediately before draping. 
Disinfection of the skin is difficult and uncertain at best. The present well- 
established methods of skin disinfection may be supplemented to advantage, 
but probably should not be supplanted, by the use of G-11 soap. 

It has been suggested that traces of G-11 on skin simply inhibits prolifera- 
tion of the resident flora, and that this action may protect the operative wound 
from a torn glove. Unfortunately, there is little evidence to support such a 
contention. The action of G-11 on skin is clearly bactericidal as well as 
bacteriostatic. Surviving microorganisms which come off hands which have 
been washed with G-11 soap grow without inhibition in ordinary culture media 
(see Table IV and Fig. 1). It would not, therefore, be safe to assume that 
similar organisms eseaping through a torn glove are unable to live and multiply 





in a wound. 
SUMMARY AND CONCLUSIONS 


Three new chemical compounds, for convenience designated G-5, G-11, and 
A-151, have been used in a fresh attempt to produce a truly germicidal soap. 

Investigation of the antibacterial power of these compounds is frought 
with unusual difficulties because of their insolubility in water, the bacteriostatic 
effects of even minute traces of the substances in culture media, and lack of 
effective neutralizing agents for G-5 and G-11. 

In vitro tests show that all three compounds, and G-11 in particular, are 
powerfully bacteriostatic, but their germicidal activity is less impressive. 

The three compounds incorporated in soap have been tested under econdi- 
tions of actual use by means of our serial basin method. This test, in our 
opinion, gives more information and more reliable results than any of the 
simplifications of the test which have been emploved by other investigators. 

Single periods of scrubbing for one to ten minutes with these disinfectant 
soaps do not reduce the bacterial flora of the hands and arms more rapidly 





than similar serubs with ordinary nonmedicated soap. 
Two per cent G-11 bar soap used many times daily for four or more days 
reduces the resident bacterial flora of skin to about 5 per cent of its ordinary 


size, Continued use of the soap several times every day appears to keep the 





than G-11 throughout the entire institution. Under such conditions it might be 
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flora at that low level. If the soap is used only for preoperative scrubbing, but 


not between times, a persistently low flora is not maintained. 

Washing with G-11 soap does not protect the skin from subsequent con- 
tamination with extraneous bacteria. Even when the disinfectant soap is 
being used regularly, a relatively large transient flora may be found on the 
hands between washings; and whenever use of G-11 soap is discontinued, 
regeneration of the cutaneous flora proceeds at the same rate as though the 
hands had been disinfected by other means. 

G-11 soap does not appear to have a selective action against pathogenic 
bacteria on the skin. There is reason to believe that the numerical ratio between 
pathogenic and nonpathogenic microorganisms is approximately the same betore 
and after disinfection with G-11 soap. 

The antibacterial activity of G-5, G-11, and A-151 is greatly reduced in the 
presence of blood or serum. Injected intravenously, these compounds are highly 
toxic. They probably should not be used in wounds. 

Of the preparations tested, 2 per cent G-11 bar soap appears to offer most 
from a practical standpoint. Used rationally and faithfully, G-11 soap is 
probably capable of contributing materially to the perfection of aseptic surgical 
technique, but in our judgment it should not be employed to the exclusion of 
the present routine postoperative scrub or the customary chemical disinfection 
of hands and fields of operation. 


REFERENCES 


1. Price, P. B.: Bacteriology of Normal Skin; New Quantitative Test Applied to Study of 
Jacterial Flora and Disinfectant Action of Mechanical Cleansing, J. Infect. Dis. 
63: 301, 1938. 

2. Kelly, H. A.: Hand Disinfection, Am. J. Obst. 24: 1414, 1891. 

3. Pohle, W. D., and Stuart, L. 8.: The Germicidal Activity of Rosin Soap and Fatty Acid 
Soap as Indicated by Handwashing Experiments, Oil & Soap 18: 1, 1941. 

{. Schiemann, O.: Ueber Handedesinfekton und Handereinigung in Ihrer Bedeutung zur 
Verhiitung von Krankheitsiibertragungen, Ztschr. f. Hyg. u. Infektionskr., Leipzig 
88: 129, 1919. 

5. Arnold, L., and others: Self-disinfecting Power of Skin as a Defense Against Microbie 
Invasion, Am. J. Hyg. 11: 345, 1930. 

6. Norton, J. F., and Novy, M. F.: Studies on Self-disinfecting Power of Skin, Am. J. Pub. 
Health 21: 1117, 1951. 

7. Burtenshaw, J. M. L.: Mortality of Haemolytic Streptococcus on Skin and on Other 
Surfaces, J. Hyg. 38: 575, 1938. 

Idem: Mechanism of Self-disinfection of Human Skin and Its Appendages, J. Hyg. 

42: 184, 1942. 

8. Gump, W.: The Development of a Germicidal Soap, Soap & Sanitary Chemicals & The 
Givaudan, March and April, 1945. 

9. Traub, E. F., Newhall, C. A., and Fuller, J. R.: Value of New Compound Used in Soap 
to Reduce Bacterial Flora of Human Skin, Surg., Gynee. & Obst., 79: 205, 1944. 

Idem: New Cutaneous Bactericidal Agent Used in Soap, Arch. Dermat. & Syph. 52: 

385, 1945. 


10. Udinsky, H. J.: Reduction in Total Skin Flora by Daily Use of Soap Containing 
Dihydroxyhexachlorcdiphenylmethane, J. M. Soc. New Jersey 42: 15. 1945, 

11. Seastone, C. V.: Observations on the Use of G-11 in the Surgical Scrub, Surg., Gynee. 
& Obst. 84: 355, 1947. 


12. Gump, W.: Personal Communication, 
13. Price, P. B.: New Studies in Surgical Bacteriology and Surgical Technic, With Special 
Reference to Disinfection of Skin, J. A. M. A. 111: 1993, 1938. 
Idem: Ethyl Alcohol as a Germicide, Arch, Surg. 38: 528, 1939. 
14. Miller, B. F., Abrams, R., Huber, D. A., and Klein, M.: Formation of Invisible, Non- 
perceptible Films on Hands of Cationic Soaps, Proc. Soe. Exper. Biol. & Med. 
54: 254, 1943. 




















Surgical Technique 


TECHNIQUE OF INGUINAL NODE DISSECTION 


IvAN D. Baronorsky, M.D., MINNEAPOLIS, MINN, 


(From the Department of Surgery, University of Minnesota Medical School) 
INGUINAL NODE DISSECTIONS 


During the past few years there has been considerable interest in this 
clinie in the technique and indications for inguinal node dissection. It is com- 
mon knowledge that such wounds frequently heal very slowly and rarely by 
primary intention, 

ANATOMY OF THE INGUINAL AREA 


Common usage of the term inguinal dissection has been interpreted as not 
only that area of the abdominal wall which is nearest the thigh, but also that 
area of the thigh which includes the femoral triangle. In our discussion the 
term inguinal will be interpreted as such. 


Blood Supply of Skin of Inguinal Area.—The skin over the inguinal area 
is supplied by the superficial external pudendal artery, the superficial c¢ir- 
cumflex iliae artery, and the superficial epigastric artery. These in turn anas- 
tomose with the cutaneous branches of the inferior epigastric artery. The 
main branches of these arteries run in a fashion which parallels the inguinal 
ligament and the skin creases of the lower abdomen and upper thigh. As will 
be deseribed later, during the dissection of the skin flaps, these vessels’ tribu- 
taries can be seen very clearly just within the fatty layer of the superficial 
fascia of the skin (Camper’s fascia). The direction of the vessels is parallel 


to the inguinal ligament. 


The Femoral Triangle.—The femoral trigone is a triangular space lying 
immediately distal to the inguinal ligament. This ligament forms the base of 
the triangle. The oblique lateral boundary is the medial margin of the sar- 
torius muscle and the medial border of the adductor longus muscle. The roof 
consists of the fascia lata which completely covers the space anteriorly. The 
floor is made up of two inclined planes, which form a well-marked median 
eroove at their junction. The lateral inclined plane consists of the iliopsoas 
muscle invested by a thin laver of fascia. The adductor magnus and pectineus 
muscles, both of which are invested with fascia lata, form the median plane. 
The most important contents of the triangular space, included between the 
fascial roof and floor of the femoral triangle, are the femoral vessels and nerve 
and their branches. These structures, the termination of the great saphenous 
vein, the deep subinguinal Ivmph vessels and glands are embedded in a quan- 
tity of loose fatty tissue. 
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Lymph Nodes.—The inguinal nodes, as we employ the term, refers to all 
lvmph nodes in the inguinofemoral region. The glands are arranged as a super- 
ficial and a deep group. 

The superficial group is arranged as: (a) a proximal group parallel io 
the inguinal ligament (superficial Inguinal glands); (b) a distal chain on the 
sides of the long saphenous vein (superficial subinguinal glands) 

The chief efferent Ivinph vessels from the superficial nodes extend either 
directly into the external iliac lymph nodes above the inguinal gament or to 
the deeper inguinal nodes beneath the fascia. These deep lymph nodes are 
situated laterally and medially to the femoral vein. The highest and most 
constant of these deep nodes in the femoral triangle is the so-called Cloquet ’s 
or Rosenmiiller’s node, situated on the medial aspect of the femoral vein at the 
entrance to the femoral canal, or actually within it. 

Both the superficial and deep mguinal nodes drain into the external iliac 
chain, a eroup of nodes of the periaortic chain. Youne called attention to a 


small node located at the external ineuinal rine. 


REGIONAL LYMPHATIC DRAINAGE 


As a rule the lower trunk area drains toward the groin. The upper trunk 
area drains toward the axillary vessels. The dividing line is usually extended 
to between the wmbilicus and the small of the baek. 

The lower extremities drain entirely into the inguinal elands. Rarely, 
deeper structures around the gluteal region may drain to hypogastric nodes via 
lymphatics accompanying the gluteal vessels. 

There is a very free anastomoses of lymphatic vessels draining the external 
venitals, and thus bilateral or crossed metastasis is common. In the main, the 
lvmphatie drainage from the external genitals reaches the superficial femoral 
nodes, chiefly of the superficial external pudendal group. From the glans penis 
and clitoris, deeper Ivmphatic vessels may pass directly to the deep femoral 
nodes, or by way of the inguinal canal to the external iliac nodes. 

The lymph drainage of the scrotum is remarkably abundant. The collect- 
ing lvmph vessels originate along the median raphe and anastomose freely 
with those of the opposite side. On this account the metastases are nearly 
always bilateral, and accordingly bilateral groin dissections are indicated. 

The lymphatic drainage of the vulva is very extensive also. Malignancies 
of this area should eventually, therefore, have bilateral dissections. 

The lymph drainage of the perianal and perienal regions is to the super- 
ficial inguinal glands. The extensive intercommunication of both sides of this 
area is such that bilateral dissection must also be done. 

It may be well to insert a word here on the lymphatic drainage of the ree- 
tum, anus, and vagina. The classic description of the lymphatic spread of 
carcinoma of the reetum has been written by Miles (1931). MeVay (1922), 
Gilchrist and David (1938), and Coller, Kay, and MacIntyre (1940) have 
contributed much to the surgeon’s knowledge of lymphatic spread of low-lving 


carcinomas. 
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The lymphatics of the rectum may be classified as the extramural and intra- 
mural groups. The intramural lymphaties consist of two freely eommuni- 
cating networks located within the wall: one, the submucosal and the other, the 
intermuscular network. These interecommunicate by radial lymph channels 
lving between the cireular musele fibers. The submucosal network is to a lesser 
extent continuous above, with the pelvie colon, and below, with the subcutaneous 
lvmph channels of the anus and perianal skin. The intermuscular network 
lvinge between the circular and Jongitudinal muscle coats communicates with 
similar channels of the pelvie colon above, and with those of the external 
sphincter below. 

These intramuscular Ivmphaties in turn drain into the intermediary sys- 
tem which is located between the external muscular coat and the perirectal fat. 
This system drains into the lymphatics accompanying the superior, middle, and 
inferior hemorrhoidal arteries, which is the extramural lymphatie system. Thus, 
spread of a carcinoma of the rectum may oceur superiorly, laterally, or in- 
feriorly. 

The lymphatics of the anus drain mainly into the superficial nodes of the 


eroin. However, it is well to remember that tumor emboli may spread upward 





into the rectal lymphatics by means of the communications deseribed previous- 
ly, as well as the reverse occurring. 

The lymphatic pathways of the vagina have abundant connections with the 
anal region and the vulva. The usual spread of carcinoma is one that will lead 
into the iliae and hypogastrie nodes. But that there is a connection of lym- 
phaties via the vulva into the inguinal area must be noted. The frequent in- 
volvement of inguinal area in Ivmphogranuloma inguinale adds proof to its 
presence. 


INDICATIONS FOR GROIN DISSECTIONS 


Groin dissection is indicated in metastatic cancers occurring in the inferior 
extremity, male and female genitals, the perineum, the perianal zone, eluteal 
region, and the infraumbilical segment of the abdominal wall. There is some 
question as to whether one should wait for definite evidence such as clinically 
palpable nodes in eases of epidermoid carcinoma of the extremities. Pack and 
Rekers (1942) stated that 24 per cent of patients with controlled epidermoid 
carcinomas of the hands and feet, and without palpable regional lymph nodes, 
subsequently developed nodal metastases while under observation. They sug- 
vested that if dissection of these regional lymph nodes had been routinely done 
on admission, 75 per cent of them would have been unnecessary. However, | 
believe that even 75 per cent of unnecessary operations in the treatment of an 
otherwise lethal disease is a small risk. 

Dean (1935) stated the experience of the Memorial Hospital in examination 
of inguinal nodes in epithelioma of the penis. An error of 14 per cent is made 





in determining the presence or absence of metastases in inguinal nodes as diag- 
nosed by physical examination alone. At the time of the first examination, in- 
euinal adenopathy is present in about 76 per cent of the patients. Approx 
mately one-half of the nodes were cancerous as proved by biopsy later. 
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Colby and Smith pointed out the inadequacy of physical examination alone. 
In a series of thirty-two cases of groin dissection for carcinoma of the penis, 
eleven of the total were dissected although no nodes were palpable. In four, or 
36.5 per cent, malignant glands were found on microscopic examination. 

Groin dissection may be justified as a palliative procedure, even when in- 
volvement is extensive with beginning necrosis, provided that the disease can 
be freed from the great vessels. Any procedure which may prevent the necrotic 
discharging ulcerations in the groin with the attendant infections and hemor- 


rhages constitutes excellent palliation. 





The presence of intercommunicating systems of Ivmphatices between the 
lower rectum, anus, and vagina, raises a question: Should inguinal node dis- 
section be considered in lesions of the lower rectum and vagina? Gilchrist and 
David (1948) have shown that 4.6 per cent of tumors of the rectum below the 
promontory may have retrograde metastases. They have also shown that when 
a lymph node is destroyed or blocked, the Iwinph drainage is rerouted through 
collateral channels or by retrograde means, into a channel draining into a 
normal node. 

At the University of Minnesota Clinic, a careful examination of the ingui- 
nal area is made both preoperatively and in the follow-up period in those pa- 
tients who have had surgery for low rectal lesions. We have come to believe 
that anal lesions routinely should have an abdominoperineal resection followed 
by bilateral inguinal node dissections. 

Pack and Rekers (1942) enumerated the following postulates for sue- 


cessful groin dissection : 


(1) The primary cancer, wherever located, should be controlled or con- 
trollable and should be treated first. 
There should be no clinical evidence of blood stream metastases. 
(3) The lymph stream must be centralward without evidences of 

blockage and retrograde extension. 
(4) It should be technically possible to excise all of the lymph nodes 

involved as suspected of becoming involved. 
(5) There must be some possibility of interruption of the lymphatic 

spread of the cancer by an exeision of these nodes. 

(6) There should be evidence that the cancer has drained only to the 

regional groups of nodes to be attacked in the groin dissection. 
TIME OF DISSECTION 

Some surgeons have devised en bloc procedures combining groin disseetion 
with operations on the primary focus of disease. (Basset in 1912, Taussig in 
1935, and Young in 1931. In general, however, dissection of the inguinal 
eroup of nodes when indieated is carried out as a later procedure two to three 
weeks after complete control of the primary disease. The groin dissection 
should not be postponed too long if metastases are clinically evident. 

SKIN NECROSIS FOLLOWING DISSECTION 


Skin necrosis is a postoperative complication following dissection has been 





one of the most distressing and frequent causes of morbidity. Taussig (1935) in 
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a review of thirty-eight Basset operations stated: ‘‘In spite of many cases of 
infected wounds, there were no deaths from sepsis.”’ Lewis (1931), in review- 
ing the results of Young’s radical operation for carcinoma of the penis, pre- 
sented nineteen cases of infection with slough out of a total of thirty-four dis- 
sections. Pack and Rekers had an incidence of 26 per cent of badly infected 
wounds out of a total of 122 groin wounds. Taylor and Nathanson (1942) in 
their monograph on lymph nodes did not give figures as to wound infection 
but implied that it occurs with distressing frequency. MeKelvey (1947) has 
suggested that the less undermined skin left in dissection for vulvar carcinoma, 
the better the primary healing. He practices the wider excision of skin over 
the inguinal area with primary closure. 

The causes of necrosis of the skin have been attributed to various feators: 

1) the presence of a large dead space over the femoral triangle following re- 
moval of the lymph nodes, fascia, and fat; (2) the thin skin flaps; (8) imade- 
quate pressure dressines; (4+) the presence of bacteria with Ivmph nodes from 
the anus and perineal regions which drain into the inguinal area. 

Though these may be factors that are important, it is our impression that 
careful attention to the fundamental principles of surgical wound healing will 
obviate this distressing complication. Though it is to be admitted that chemo- 
therapy has aided us materially in cutting down the postoperative morbidity 
of many surgical procedures, it cannot correct any errors of fundamentals and 
principles. 

TECHNIQUE OF GROIN DISSECTION 


The patient is placed on the operating table with the corresponding thigh 
slightly abdueted and externally rotated. Any satisfactory anesthetic agent 
may be used; however, if bilateral dissection is to be carried out, general anes- 
thesia is used. 

The skin incision differs from that suggested by Basset and Taussig. They 
have suggested a vertical incision. I believe that this type of incision is the 
cause of the high incidence of wound infection. As was pointed out in the dis- 
cussion on the blood supply of the skin of the inguinal region, these vessels 
run in the superficial fascia in a manner parallel to the inguinal ligament. 
A vertical incision would cut across the blood supply to the medial flap. Our 
incision, therefore, is about a 14 em. incision parallel to and about 5 em. below 
the inguinal ligament. In its course, the middle of the incision is over the 
palpable femoral artery. Unless the skin is involved, no skin is removed with 
the specimen. 

The incision is then carried down to Camper’s fascia, which can be iden- 
tified as a definite laver by careful traction upward with a fine rake retractor. 
The small blood vessels can be seen coursing in the fat immediately above. 
Skin towels when applied should be clipped with the lightest towel ¢lips pos- 
sible as heavy manipulation will thrombose the fine vessels to the edges and ne- 
crosis will result. 

The dissection of the upper flap is then carried out by means of sharp dis- 


section, alone Camper’s fascia, until a point 2 inches above the inguinal liga- 
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ment is reached (Fig. 1). The dissection then has exposed the anterior superior 


spine and the external abdominal ring. The scalpel is then turned downward 
and the fat and fascia over the external oblique aponeurosis are cleaned meticu- 
lously down to the inguinal ligament. At this point the lower skin flap is dis- 
sected down to the apex of the femoral triangle. The long saphenous vein ts 
encountered and divided, when the dissection at this point is carried down and 
through the fascia lata overlying the muscles in this area. The finest QOO00 silk 
(Deknatel) is used throughout except for the larger veins or arteries encoun- 


tered, for which OOOO silk is used. 
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Fig. 1.—Illustration showing the incision and early dissection of upper flap. The curved 
broken line gives the limit of dissection of this flap. It extencs to a point two inches above 
the inguinal ligament. 


Having outlined both skin flaps, the fascia lata is then incised at the lateral 
border of the sartorius and the medial border of the adductor longus (Fig. 2). 
The dissection is then carried out carefully in a centripetal manner from below 
upward and from either side inward so that at the end of the procedure the 
specimen will be attached only by means of the saphenous vein entering the 
femoral vein (Fig. 3). 

In dissecting out the femoral vessels, the adventitial laver of the artery 
and vein is stripped together with the fat and fascia intervening between these 
vessels. Near the lower angle of the femoral triangle several small lymphatics 
may be encountered which should be ligated. 

The dissection then is carried from above downward e¢rossing the inguinal 


ligament toward the saphenous vein. The femoral vessels are again stripped 
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Fig. 2.—Both upper and lower flaps having been outlined, the fascia lata is then incised at 
the lateral border of the sartorius and the medial border of the adductor longus. 


Campers fascia / Lateral 


cutaneous nerve 





Fig. 3.—The dissection is then carried out carefully in a centripetal manner from below 
upward and from either side inward, so that at the end of the procedure the specimen wil) | 
be attached only by means of the saphenous vein entering the femoral vein. 
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earefully of adventitia, fat, and fascia. Alone the medial side of the femoral 
vein, the femoral canal is carefully cleaned. The inguinal ligament is. re- 
tracted upward and the vessels cleaned as far as possible. The spermatic cord 
should be palpated during the dissection and the fascia overlying it dissected 
with the specimen. 


During the dissection care must be taken to preserve the various cutaneous 





nerves to the thigh if they are not involved, as an annoying anesthesia will 


result. 
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Fig. 4. Sartorius muscle being cut at its origin at the antero superior spine. 


Having completely and carefully bared the femoral triangle, the saphenous 
vein is then ligated and cut and the block specimen removed. <A trianeular 
detect is thus left around the femoral vessels. This is filled in by means of the 
following maneuver, a procedure first carried out in this clinic by Owen H. 
Wangensteen: The sartorius muscle is cut at its origin at the anterosuperior 
spine (Fig. 4). It is then swung over the defect present about the femoral 
vessels ; this transplantation of the sartorius muscle suffices to cover the femoral 
vessels nicely. Fine 0000 silk sutures are then placed between the upper cut 
end of the muscle and the inguinal ligament above the femoral vessels. Especial 
care must be observed in suturing the muscle above the femoral canal to pre- 
vent a hernia from occurring. Suture of Cooper’s ligament to Poupart’s liga 


ment is often carried out as a prophylactic measure. 
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The lateral side of the muscle is then sutured to the iliacus with a series 
of interrupted sutures. This is repeated on the medial side approximating the 
sartorius to the adductor longus (Fig. 5). 

Hemostasis being complete, the final stage of the dissection is begun. Fine 
QOOOO silk sutures approximate the undersurface of the skin flaps to the sar- 
torius muscle. These are staggered and are put in so that there is a minimal 
dead space between the flaps and the underlying muscle. This will also relieve 





any tension on the skin approximation if some has been removed because of 
involvement. 
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Fig. 5.—Sartorius muscle has been swung over the defect present about the femoral ves- 
sels. Fine 0000 Deknatel silk sutures are then placed between the upper cut end of the 
muscle and the inguinal ligament above the femoral vessels. Especial care must be observed 
in suturing the muscle above the femoral canal to prevent a hernia from occurring. The 
lateral side of the muscle is then sutured to the iliacus with a series of interrupted sutures. 
This is repeated on the medial side approximating the sartorius to the adductor longus. 


Camper's fascia is then approximated with interrupted fine silk (Fig. 6). 
This maneuver will also prevent any tension on the skin edges. The skin is then 
approximated with fine epithelial catches which can be left in place for ten 
to fourteen days (Fig. 7). 

A light dressing is applied and no drains are used. The patient is kept in 
bed for twenty-four to forty-eight hours and then allowed to be ambulatory. 


RESULTS 


The procedure described here has been performed on eight patients within 


the past two vears. In one, the incision was vertical instead of parallel to the 
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inguinal ligament (Table 1). The minimal complications associated with wound 


slough would indicate the efficacy of this procedure, 


DISCUSSION 


This procedure has not been intended for the group of nodes alone the 
iliac vessels in the pelvis. Though this has been advocated and has been done at 
times by various surgeons, one questions the advisability. The iliac nodes are 
enclosed in a variable amount of fat and poorly defined areolar tissue and dis- 
section is not clear. The direct communication of these nodes with the peria- 
ortie nodes even as far as the hilum of the lung makes one consider a far more 
radical procedure, such as that of Hinman (1919), for excision of the iliae and 
periaortic nodes in toto. It is a formidable operation, but perhaps should be 


considered in selected Gases. 


; 





Fig. 8.—Photograph of the healed incision; note the fine scar that has healed by primary union. 


Five of the operations were for carcinomas of the anus or lower rectum. 
There seemed to be adequate justification for these procedures, in view of the 
presence of abnormally enlarged nodes in each one of these cases. It must be 
emphasized again that palpation may be inadequate in discovering metastasis, 
as metastasis may be present without palpable lymph nodes, and that considera- 
tion to the location of the lesion, pathologie grade, and involvement of near-by 
organs that drain to the inguinal area, must be made. With careful pre- and 
postoperative management and the use of careful surgical technique, the mor- 
tality of inguinal node dissection should be no higher than that of saphenous 
vein ligation or inguinal node biopsy. The morbidity in this procedure, the 
wound of which heals less kindly than other lymph node dissections and has 
been due to infection and skin slough, should be almost completely eliminated. 














SURGERY 


An analysis of the cases with reference to the presence or absence of ree- 
tum as an influential factor in primary healing of wounds was also made. This 
has been done because the pertinent suggestion has been made that the cause 


of poor wound healing in inguinal node dissection is the presence of bacteria 


TABLE I. TNGUINAL NODE DISSECTIONS 
| {| BILATERAL | 
SEX OR SKIN 
PATIENT ( AGI YR. ) PRIMARY DISEASE UNILATERAI SLOUGH REMARKS 
A Se pae F 69 Melanoma of foot Unilateral . Amputation previous 
eu We ee M 27 Melanoma of foot Unilateral Seroma; vertical 
incision, 150 @.e. 
aspirated 
a We ws M 20 Melanoma of heel Unilateral Amputation 
1. E. M. M 37 Ca. of sigmoid Unilateral \xillary dissection 
with nodes 
do. R. E. M 61 Ca. of reetum Unilateral - Abdominoperineal 
resection 
G. M. M. F 62 Squamous cell Bilateral Seroma aspirated 
70 Ct. Tt. 
edema of legs 
1) CRS ak M66 Ca. of reetum Unilateral Combined abdomino 


perineal resection 

SB. Ses, 0S, M 59 Ca. of reetum Bilateral _ Wound, separation on 
left: fluid underneath 
skin margin; no 
slough, healed well 


draining from the anus and perianal region. However, the analysis showed 
that there was no significant difference between the two groups. As a matter of 
fact, the one patient in whom very minimal wound separation occurred had 
had a combined abdcminoperineal resection previously (Case 8). Sermonas oe¢- 
curred in both groups equally (twice). 

A word may be said here as to the use of the antibiotics. Two of the eight 
patients (both with rectum intact) were given sulfasuxidine preoperatively. 
The remainder received nothing. One of the two patients receiving the sulfa- 
suxidine did so for twelve days preoperatively and twenty days postoperatively. 
However, in spite of this vigorous therapy, a large seroma was present. Ravdin, 
Zintel, and Bender (1947) have shown that oral streptomycin is much more 
effective against all of the common intestinal pathogens than is sulfasuxidine. 
Perhaps this drug may be indicated preoperatively in certain instances. 

Drainage in these procedures can be dispensed with. If the lymphatics at 
the base of the femoral triangle are ligated with fine silk, the presence of seroma 
will be avoided. As experience was gained with inguinal node dissection, it was 


felt more and more that failure to follow this was the main cause of seroma. 


SUMMARY AND CONCLUSIONS 


A review of the anatomy of the inguinofemoral region is presented. The 
indications for the procedure of inguinal node dissection are noted. A method 
of inguinal node dissection is offered in which anatomic consideration to the 
blood supply of the skin flaps and obliteration of dead space is made. The re- 
sults suggest that this method is adequate in preventing the common postopera- 


tive complication of necrosis and slough of skin. 
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Editorial 





The Treatment of Salt Depletion 


ROM the standpoint of the bodily economy it is important that the 

electrolyte osmotic pressure and reaction of the extracellular fluids be main- 
tained within normal limits—that is, that the concentrations of sodium, chloride, 
and bicarbonate in these fluids all be kept at an optimum. The sodium in the 
extracellular fluid controls the distribution of water within the body. If its 
concentration falls below normal, the cells of the tissues take up water and 
swell, just as red blood cells do in a hypotoni¢ solution. This leads to certain 
secondary disorders, the chief of which is circulatory failure.’ This conduces 
to impairment of renal function and delay in the excretion of water as well as 
sodium salts. Consequently, patients with such a condition may develop edema, 
even when the concentration of sodium salts in the serum and extracellular 
fluids is low. The tendeney to edema is aggravated by concomitant hypopro- 
teinemia which may result from malnutrition or severe injury. 

Such a condition of edema with hypoproteinemia and hypochloremia is most 
frequently encountered in patients who, having become depleted of salt by 
vomiting or diarrhea, are given fluids without salt to overcome the dehydration. 
Patients commonly present themselves for treatment in this state. Unhappily, 
some are still reduced to this condition by misdirected therapeutic measures. 
Vomiting patients are given water or other fluids without salt to drink. Water, 
instead of normal saline solution, is used for lavage or irrigation of the egastro- 
intestinal tract. Glucose solutions alone or with inadequate amounts of saline 
solution are given intravenously. One of the commonest causes of salt depletion 
and edema is the lower nephron nephrosis produced by crush injuries, hemolytic 
transfusion reactions, and poisoning from a variety of drugs including the 
sulfonamides. The salt depletion in these conditions presumably arises chiefly 
from initial vomiting and is often exaggerated by antecedent dehydration. When 
the nephrosis is established, failure of tubular reabsorption and consequent 
leakage of salt into the urine may contribute to it. 

Obviously the first consideration is the avoidance or prevention of the 
circumstances which produce salt depletion. The second is to include adequate 
amounts of salt in the fluids given to overcome dehydration. There will still 
remain the problem of treating a certain number of patients with edema and 
low serum sodium and ehloride. Coller and his associates® have pointed out that 
administration of normal saline solution to such patients exaggerates the edema 
without restoring the concentration of sodium salts. The total quantity of such 
salts in the body may even be excessive. They therefore advocate the use of 
nothing but small amounts of glucose solution. This procedure fails, however, to 
rectify the deficient concentration of sodium which, because of its effeet upon 
the circulatory state, is partly responsible for the defective elimination of water 
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by the kidneys. The choice of glucose solution because normal saline is ineffee- 
tive cannot be logically—or physiologically—detended. It is frequently un- 
recognized that, although sodium salts are confined chiefly to the extracellular 
fluid, to raise the sodium concentration in this fluid by a given increment it is 
necessary to give enough sodium to increase its concentration in the total fluid 
of the body (both extracellular and intracellular) by this amount. This follows 
from the fact that the cell membranes are freely permeable to water. When the 
osmotie pressure of the extracellular water is raised by the addition of salt, 
enough water passes from cells to extracellular fluid to restore osmotie equilib- 
brium between the two compartments. 

Assume a patient with a total fluid volume of 60 liters, of which 20 is 
extracellular, and assume that this extracellular fluid contains 120 millimols 
per liter of sodium, instead of the normal 135. To raise this concentration from 
120 to 135 millimols in the extracellular fluid alone would require 15 « 20 = 300 
millimols of sodium. THlowever, since there would be the transfer of water 
mentioned previously, the amount actually required would be 15 x 60 = 900 
millimols of Na. This is approximately the quantity found in 6 liters of normal 
saline solution, containing 150 millimols per liter. To seeure the desired effect, 
however, the salt would have to be introduced in the dry form. Introduction 
of 6 liters of 150 millimolar saline solution would increase the sodium concen- 
tration of 60 liters of fluid from 120 millimolar only to 123 millimolar. To 
raise the concentration from 120 to 135 millimols with normal saline solution 
would require 60 liters of fluid. It is clear from these caleulations why Coller 
and his associates increased only the edema without raising the serum sodium 
in their patients by injections of normal saline solution. Their failure did not 
justify the inference that sodium chloride is contraindicated in the treatment of 
edema with hyponatremia. It was not the salt that was at fault, but the large 
amounts of water in which it was dissolved. Normal saline solution in proper 
quantities is appropriate for the maintenance of patients in a state of adequate 
hydration with normal serum electrolyte patterns. It is the fluid of cheice for 
patients who are dehydrated. But for the correction of serum sodium deficit in 
the presence of an adequate supply of fluid or edema, hypertonic (3 to 5 per 
cent) salt solution should be given. By this means the introduction of large 
volumes of fluid can be avoided. If the heart is competent, such treatment, by 
overcoming the cireulatory insufficiency that accompanies hyponatremia, will 
promote diuresis and elimination of the edema. It may be supplemented by 
elucose solution, but again the glucose should be given in concentrated form 
(10 per cent). It is objected that hypertonic solutions are likely to cause 
venous thrombosis. This ean be avoided if care is taken to preserve a free flow 
of blood in the vein by the use of a small needle so inserted and fixed that there 
is no obstruction to blood from the more distal part of the vein. It should be 
unnecessary to add that it is futile to inject salt solution of any concentration 
if precautions are not taken to prevent wastage of salt by other channels. Trans- 
fusions and other measures for the support of the circulation must not be 


neelected. 
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Proper regulation of the salt intake, especially when hypertonie solutions 
suitable flame photometers become available, it will be 


clusion of sodium will permit more precise regulation. 
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HEMORRHAGE INTO THE BILIARY TRACT FOLLOWING 
TRAUMA—‘* TRAUMATIC HEMOBILIA’”’ 


PHILIP SANDBLOM, M.D., M.S., STOCKHOLM, SWEDEN 


(From the Surgical Department of the Orebro Hospital) 


H EMORRHAGE into the biliary ducts as a result of trauma to the liver re- 
gion has previously been observed only in rare cases. With reference to 
one of these Wright and associates** mentioned that in central rupture of the 
liver, blood, because of its entrance into the biliary tract, may appear in the 
vomitus. In his comprehensive monograph on injuries to the liver and biliary 
duets, Thole*! dismissed the matter with the following sentence: ‘‘ Bloody 
stools are a very rare early symptom, and only those are of interest in this 
connection.’’ Other authors as Andersson,? Bauer,’ Brandberg,* ° Castrén,® and 
Vance** do not even mention the condition, which would thus appear to be 
very rare. 

The object of this work is to study the symptom of hemorrhage into the 
biliary tract, its frequency, and its character. It will be based on a eritical re- 
view of the literature. The subject was brought up by the following case ob- 
served in the Orebro Hospital. 


CASE 1 (Grebro Hospital, No. 3474/1936).—A previously healthy boy, 7 years of age, 
was admitted to the surgical service. Ten days prior to admission he had while bicyeling 
received a hard blow from the handle bar over the right lower part of the chest. He immediate 
ly felt severe pain at the site of the blow and became very pale. These symptoms abated after 
about thirty minutes. Some hours later he again had severe pains in the right flank, and 
pallor. He was examined at the Dispensary and a bruise was found at the site of the kiow, 
but nothing pathologic was observed. Two days later there was a renewed spontaneous 
cramping in the right flank, and chills. Afterward he was confined to bed with an evening 
temperature of about 38.5° C. He had a cough during the first week. Ten days after the 
trauma there was renewed, rather severe colicky pain in the right flank and, in addition, 
marked pallor and yawning. He was referred to the hospital. 

Kramimation.—The general condition was good. He was afebrile, had a slight anemia 
with 60 per cent hemoglobin, red cell count 3,600,000, white cell count 13,800, sedimentation 
rate 38. Urinalysis revealed urobilinogen reaction negative, urobilin markedly positive 
The abdomen was soft and not distended. The right flank was tender. At the right lateral 
rectus border immediately below the thorax there was a rounded mass the size of a pigeon’s 
egg. Roentgen examination of abdomen, chest, and colon showed nothing pathologic. It 
was considered likely that the patient had a retroperitoneal hematoma. This opinion was 
supported by the well-defined tenderness of the right flank with absence of symptoms from 
the rest of the abdomen, and by the anemia and the leucocytosis. In the evening the patient 
again had severe pains at this site. 

Operation.—Cholecystotomy and drainage were carried out.* Incision was made at the 


right lateral rectus border above the umbilicus. Liver, kidneys, and bowel had a normal 


*Operation performed by Professor G. Bohmansson, surgeon-in-chief. 
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appearance, There was no peritonitis, and no free blood in the abdomen. The gall bladden 
was distended, glistening blue, and firm. It could not be evacunted by means of digital 
compression. Dark brown blood was obtained on puncture. The gall bladder, however, 
could not be emptied by this measure, wherefore it was incised. By means of aspiration 
a firm blood clot the size of a hazlenut was removed. No source of the hemorrhage was 
found in the gall bladder. This was sutured and the abdomen was closed. 

The wound healed without complications. During the first days after the operation 
Weber’s test for blood in feces was markedly positive, but six days later it was negative. 
After one week the patient was discharged free from discomfort. Three weeks later he was 


reported entirely well with absence of symptoms, Repeated tests for blood in the stools 
during this period were negative. Twelve years later it is reported that the patient sub 


sequent to the operation has never had any discomfort from the liver or the biliary duets. 


Comment.—As a result of the distinet trauma toward the hepatic region 
there occurred in this case a hemorrhage into the biliary tract. At operation 
performed ten days after the trauma, liquid and coagulated blood were found in 
the gall bladder. No source of the hemorrhage could be observed, however. 
In the further course blood was for some time demonstrated in the stools. 

The symptoms that occurred may be explained by this hemorrhage. The 
pallor and yawning were the expressions of a slight shock and a moderate 
secondary anemia. The pyrexia may have been caused by resorption of the 
blood. The attacks of pain, which had the character of biliary colic, were 
probably brought about by the presence of coagula in the biliary tract. 

Before entering upon the discussion of the source of the hemorrhage I wish 


to describe a case, very similar to the present one, reported by Siegel®® in 1909. 


CASE 2.—A 32-year-old man on a bicycle fell with his right side against the handle bar. 
He immediately felt severe pain at the site of the blow but was able to get home unassisted. 
A physician found multiple fractures of the ribs on the right side and blood in the right 
pleural cavity. Soon the patient felt better but on the eighth day he had severe attacks 
of abdominal pain which were not relieved by large doses of morphine and opium. Not until 
the tenth day, when a long coagulum was passed per rectum, was the distress relieved. On 
the twelfth day there was renewed abdominal pain and a temperature of 38.6° C. On the 
fourteenth day there was a condition of collapse with renewed severe colicky pain. 

At examination the patient was found to be slightly icteric. Marked dullness on the 
right side from the level of the mamilla merged over into the liver dullness which reached 
down to the anterosuperior spine. Below the hepatic dullness a mass was palpated. On 
puncture of the right pleura a small amount of blood was obtained. The lung was encountered 
already at the depth of 2 em. 

Operation.—At laparotomy a small amount of blood was found in the abdominal 
cavity. The gall bladder was enveloped in the omentum. When this was loosened the gall 
bladder was found, with a blackish-green discoloration and distended to the utmost. In the 
fundus there was found a gangrenous spot the size of a pea which had been covered by the 
omentum. When this was loosened a foul-smelling fluid with blood clots and bile pigment 
escaped from the gall bladder. The gall bladder was extirpated. On the lower surface of 
the liver there were found a number of ruptures up to the length of 4 cm. A drainage tube 
was laid against the pedicle of the extirpated gall bladder. 

Two weeks following operation a considerable amount of blood was drained from the 
wound. In connection with this the patient had a severe attack of pain and two days later 
he was again icterie. 

A flow of bile from the wound which had commenced immediately after the operation 
ceased at the beginning of the attack of pain. It was assumed that a blood clot had found 


its way into the hepatic and the common duct, giving rise to bile stasis with jaundice, 


The patient gradually recovered entirely, without further measures, 
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Siegel assumed the course to be as follows: The blow from the handle bar 


in addition to the fracture of the ribs and the rupture of the liver caused a 
contusion of the gall bladder. In consequence of this contusion a hemorrhage 
to the gall bladder occurred. On the eighth day a blood clot occluded the 
cystic duct and gave rise to the severe attack of pain in the same manner as 
the passage of a stone. When the coagulum had passed and had been evacuated 
per rectum there appeared a temporary improvement. A renewed impaction 
of a coagulum occurred and infection from the bowel supervened, whereby 
the conditions prerequisite for distention eanerene arose. 

The rarity of such a course was ascribed by Siegel to the fact that the 
trauma must be accurately balanced—a slighter trauma does no damage, and 
a more severe trauma causes total rupture of the gall bladder. Siegel pointed 
out that the case is of particular interest in that it shows that a blood clot may 
have the same sequelae as a gallstone: colicky pain, inflammation, and gangrene. 

Comment.—The history of the present case (Case 1) and that of Siegel 
(Case 2) were very similar—even the trauma was identical. In the case of 
Siegel, however, the gall bladder was gangrenous by the time of the operation. 
As to the cause of the gangrene, it could either be a direct effect of the trauma 
or, more likely, the effect of distention of the gall bladder caused by an impac- 
tion of coaeula. 


DISCUSSION 


It was in both instances considered that the hemorrhage emanated from a 
lesion in the mucosa of the gall bladder. 

According to my opinion, however, this is not certain. The blood may also 
have come trom a central rupture of the liver and have been earried to the gall 
bladder through the biliary ducts. This hypothesis is supported by the follow- 
ing facts. In Case 1 no source of the hemorrhage was found at inspection of 
the interior of the gall bladder. In Case 2 the gangrenous part of the gall 
bladder which was supposed to have been the source of hemorrhage was situated 
in the fundus where the blood vessels are smaller than in any other part of the 
vall bladder. On the whole it is unlikely that the small vessels of the gall 
bladder or the external bile ducts which might be concerned would give rise 
to such profuse and protracted bleeding. In the thirty odd cases of total rup- 
ture of the gall bladder or the external bile ducts reported in the literature 
the bleeding has in all instances been insignificant, provided that there has not 
heen concomitant damage to the liver (Rudberg,?* Norgore,?? and Lewerentz!’). 

In Case 2 it appears as though the bleeding had continued after the removal 
of the gall bladder, because blood emptied through the wound two weeks later. 
This blood may, of course, also have come from a hematoma in the operative 
region but the simultaneous obstruction of the hepatic duct makes it more prob- 
able that it emanated from the liver. 

A central rupture of the liver would satisfactorily explain the protracted 
hemorrhage, as the thin-walled vessels of the liver parenchyma have but slight 
power of contraction. The external ruptures found by Siegel on the lower 
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surface of the liver are similar to those frequently found by Hiamialainen' 
concomitantly with central ruptures. 

On the basis of this line of argument I consider it highly probable that 
the hemorrhage in the two cases described arose from a central rupture of the 
liver. The following very interesting case reported by Hawthorne and associ- 
ates,'! from the American Hospital for Disease of the Stomach, not only supports 


this conclusion but also throws considerable ight on the whole subject. 


Case 3 (No. 21464).—In 1941, a truck rim blew off, striking the anterolateral chest wall, 
upper abdomen, and face of a man. He was given immediate treatment for shock, fractured 
seventh and eighth ribs, and fractured nose. The injury to the thoracic cage masked the intra 
abdominal injury so that it was not recognized at this time in spite of hematemesis on two 
oceasions and tarry stools which were noticed by the patient. After seven weeks of hos 
pitalization he was discharged and returned to work nine weeks after the date of injury. 
Two weeks later while at work he felt a sudden sense of suffocation with severe pain in the 
upper abdomen but most marked in the gall bladder area. He vomited a large amount of 
blood and there was gross blood in the stool. 

Upon admission, fourteen weeks after the injury, the red cells were 2,790,000 and the 
hemoglobin 47 per cent. All physical findings were negative. By the use of blood trans- 
fusions and intravenous glucose he improved to the extent that the red cell count was 4,190,000 
and hemoglobin 70 per cent. During this time, however, he vomited on three occasions a very 
thick black material which on examination proved to be a mixture of blood and bile. The 
patient was allowed to go home two months after admission, still showing a trace of occult 
blood in the stool. 

He was readmitted to the hospital three weeks later and plainly showed the effects of 
a severe hemorrhage the night before. During the three weeks at home he had _ several 
attacks, consisting of a sense of tightness in the liver area and severe colicky pain followed 
by nausea and vomiting of the same thick black material that had been examined in the 
hospital. He also passed this same type of material by bowel. A large defect in the pyloric 
end of the stomach was demonstrated by x-ray examination. 

Operation.—An upper right rectus incision revealed a mass of adhesions over the gall 
bladder and duodenal areas. No ulcer was demonstrable, but in view of the large amount 
of hematemesis it was deemed advisable to open the duodenum. The usual Heineke-Mikuliez 
incision was made. No definite ulcerated areas were found, but several small congested 
areas in the mucosa were touched with the cautery and the incision was closed transversely. 
This did not explain the bleeding and, on releasing the dense adhesions, the gall bladder 
was found to be very dark in color, to be enlarged, and to contain a smooth hard mass the 
size of an egg. The gall bladder was removed and the bile ducts were explored through the 
patulous cystic duct. Some very dark material of the same type that he had vomited was 
found, but there was no evidence of tear of the ducts or liver. The large mass in the gall 
bladder proved to be inspissated blood and bile. 

He made an uneventful postoperative recovery and was discharged on the sixteenth 
day. The stool was negative for occult blood. 

One week later he had another attack of colicky pain in the subhepatie area lasting 
one hour and vomited a small amount of the very dark material that had been observed on 
previous occasions. A large amount of green-black fluid was passed by bowel. There fol 
lowed a number of these short attacks at intervals of a few days. During the last attack 
a branching clot which appeared to be a cast of the hepatic ducts was vomited. This proved 
on examination to be inspissated blood and bile. Since then he has been entirely free of 


all the former symptoms and at present is in excellent health. 


Hawthorne concluded that in all probability there was in this case a cavity 
and hematoma deep in the substance of the liver that continued to neerose 
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and bleed through a large biliary duct until healing finally occurred. He 
could not give any other explanation for the continued bleeding through the 
biliary channels. 

Comment.—Case 3 is so similar to Cases 1 and 2 that it seems highly 
probable that they have the same cause. In Case 3, however, the hemorrhage 
certainly could not have come from the gall bladder, as it continued for weeks 
after cholecystectomy. It must have come from the interior of the liver. 

In all likelihood the three cases demonstrate the effect of hemorrhage into 
the biliary tract originating from a central rupture of the liver. Before discuss- 
ing the different aspects of the symptom a short account will be given of this 
special type of injury. 


CENTRAL RUPTURE OF THE LIVER 
Liver lesions may be divided into the following groups (Brandberg*) : 


1. Ruptures through the capsule and the parenchyma 
2. Subeapsular lesions: 

(a) Subeapsular hematoma 

(b) Subeapsular rupture 


(¢) Central ruptur (term introduced by Wilms*) 


Krogius'® suggested and Himialiinen'* proved in experiments that most 
central ruptures of the liver are caused by compression of the inelastic and 
fragile liver parenchyma. A tear occurs, veins and bile duets rupture, and a 
cavity filled with blood and bile is formed. 

By careful examination of a series of autopsies, Bauer*® could show that 
central ruptures of the liver are not infrequent—they probably occur at least 
as often as ruptures through the capsule. Because of their location in the in- 
terior of the liver they do not give rise to the hemorrhage and bile leakage into 
the peritoneal cavity which generally is such an alarming symptom of ruptures 
through the capsule. While the liver capsule is very sensitive, the parenchyma 
itself has few sensory nerves. 

Those are the reasons why central ruptures give such vague symptoms, if 
indeed any at all, and therefore often escape diagnosis. Some of them may 
heal with scar formation without complications, others produce cavities filled 
with blood and bile and may later give rise to liver abscesses. 

Symptoms of central liver ruptures may appear early or late (Andersson? ). 

Early symptoms: 


1. Contusion of the wall of the chest or the abdomen. 
2. Shock. 


Those two symptoms of course are unspecific. 


3. Pain. Most authors agree that true central ruptures are painless 
unless a cavity is produced sizeable enough to enlarge the liver... A dull, 
aching pain irradiating through the shoulders, generally the right one, is 
then a sign of the tension of the capsule. If the cavity breaks through to 
the capsule the pain becomes more intense. 
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4. Signs of bile in the blood and the Urine, 

A bradycardia caused by bile salts in the blood seems to be a rather 
uncertain symptom. Finsterer® stressed the importance of this symptom 
but later authors as Wright and associates** have not been able to find it. 

Jaundice may be caused by the resorption of bile from the cavity 
or may be the result of an obstruction of the biliary ducts. Castrén® has 
demonstrated the presence of leucine crystals in the urine. 

5. Enlargement of the liver is dependent on the size of the cavity 
formed. 

6. Secondary anemia seldom becomes pronounced. 

7. Embolism to the heart and lungs is a serious complication in some 
cases. It is caused either by pieces of liver tissue or fat from the liver cells 
which enters the circulation via the hepatie veins. 

Late symptoms: 

An enlargement of the liver and also jaundice may appear some time 
after the lesion. 

8. Fever is generally a sign of resorption from the intrahepatic hema- 
toma. It can also be a sign of infection in the cavity with the formation 


of an abscess. Liver abscesses often are sequelae of intrahepatic hematomas. 
‘* HEMOBILIA’’ 


If the essential cause in the three cases described was a central rupture 
of the liver, which seems highly probable, the list of symptoms of this type of 
injury could be supplemented with that of hemorrhage into the biliary tract. 
This symptom may be compared to the hematuria which results from damage 
to the kidneys and accordingly termed ‘‘hemobilia.”’ 

‘*Hemobilia’’ might be expected in all types of liver injuries, but it should 
be more prominent in the central ruptures for the following reasons: 

1. Patients with ruptures through the capsule generally die or get treated 
so short a time after the trauma that a ‘‘hemobilia’’ would not make itself 
evident. When the capsule is torn, there will be less resistance to the blood 
flow into the peritoneal cavity than into the biliary tract. 

2. In central ruptures more and larger biliary ducts are apt to tear than 
in superficial ones. This will facilitate the escape of blood into the biliary tract. 
In subeapsular hematomas there might not be any lesion of the biliary tract 
at all. It is suggestive that most of the cavities formed by this type of lesion 
contain blood without bile. 

Whereas a hematuria, at least when macroscopic, is a very striking symp- 
tom, a ‘‘hemobilia’’ is apt to be overlooked if it is not so profuse that it causes 
bloody vomit or tarry stools. 

In the course of hematuria the formation of blood clots usually gives 
more alarming symptoms of urinary colic or obstruction. The same should be 
expected in the biliary tract where clots would cause billary colic and occasion- 
ally obstruct the ducts with risk of jaundice. It should be remembered that 
the bile has an inhibitory effect on the clotting of blood, which should decrease 


the number of cases with this complication. 
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The three cases described give examples of all these happenings. In Case 
3 there was blood in the vomit and all three patients had blood in the stools. 
There was marked biliary colic in all three and in Case 2 there was transitory 


jaundice. 
REVIEW OF CASES 


The cases of subcapsular liver lesions reported in the literature have been 
examined with special attention to symptoms suggesting ‘‘hemobilia.’’ This 


has met with the following difficulties: 


1. The case histories are often incomplete and give too scanty information 
on the necessary points. Some cases with ‘‘hemobilia’’ might therefore escape 
recognition. 

2. The symptoms when found can often be due to other causes than ‘‘hemo- 
bilia.’’ In facet most authors have given other explanations. Bloody vomit 
and stools may be caused by concomitant lesions of the digestive tract or by 
swallowed blood. Pain may emanate from a capsule in a state of tension or 
irritation. Jaundice may be due to resorption of bile from a cavity in the liver, 
CU. 

3. The diagnosis of central liver rupture is often uncertain, especially if 
operation or autopsy has not been performed. Even after operation it is often 
difficult to decide whether it is a case of true central rupture or subeapsular 
lesion. 

I have found forty cases where with different degrees of probability a cen- 
tral rupture of the liver occurred. In nine of these the patient died on the 
first day and in another two within the first four days.*)?%?! In nine others 


the information is too scanty to allow any estimation.* ®& 1?" ?* °° This leaves 
twenty cases where the problem in question may be studied. In eleven cases no 
signs of hemobilia are described.’ 2° * 1% 1% 22% 81 (In five of these, however, 
there are reasons to believe that the lesion was subcapsular’ ** ?* 2°), In the 


remaining nine eases there were signs indicating a hemorrhage into the biliary 
tract. Three of them were reported herein as Cases 1 to 3. The rest of these 
cases have been divided into groups according to which main sign of ‘*hemo- 


bilia’’ they present: hemorrhage or biliary colic. 


Cases With Hemorrhage.—Cases 4 to 6 (also Cases 1 to 3) had hemorrhage 
Case 4 was reported by Owen®* in 1848. 


CASE 4.—A man 22 years of age fell from a wagon. He had an immediate state of 


shock and complained of pain in the stomach. Seen two hours later, he was then in deep 


shock. There were no signs of injury on the trunk. The next morning he was better, but 


complained of pain in the right shoulder, which was not damaged. He had soreness overt 
the region of the liver extending up the back of the chest. He was short of breath and 


could lie only on the left side. When he tried to turn the pain became worse, especially 
in the shoulder. 

The third day the attacks of pain were less. There was some jaundice. On the 
fourth day he had paroxysm of pain two or three times, but not so much pain on pressure 


over the abdomen, The jaundice had increased. 
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On the sixth and seventh days, the stools contained mucus and bright blood. The 
jaundice was increasing. He got a troublesome hiccup which continued on the eighth day. 
Epistaxis occurred two or three times. In the evening of that day, he passed a motion 
consisting of nearly one-half pint of dark grumous blood. 

Even on the ninth day the motions consisted of dark colored bloody fluid. There was 
no more hiccup. The jaundice was decidedly less. The countenance was cheerful. There 
was no pain and the dullness over liver did not extend very high. A favorable prognosis 
was given. 

On the tenth and eleventh days there was very little urine. The face looked pinched, 
the pulse was easily compressed, and the abdomen was distended. 

On the twelfth day he was delirious; hands and thumbs were twittering. In the after- 
noon while his head was being raised, he was seized with general convulsions and ceased to 
breathe within five minutes. 


Autopsy.—There was no blood in the peritoneal cavity. There was no peritonitis. The 
liver was much enlarged and there were some soft adhesions between its convex surface 
and the diaphragm. When taken out, a laceration was seen extending across its right lobe. 
At the back of the laceration, which extended deeply into the lobe, there was a collection of 
fluid and clotted blood. No connection between this and the intestines was found. No other 


lesions of any importance were discovered. 


Owen discussed the case at length. Only his comments on the hiccups and 
the melena will be related: 


The hiccup, another not unusual symptom of affections especially of the di- 
aphragmatic surface of the liver, did not appear until about the sixth day after the 
injury, and, although severe and urgent while it lasted, was not of long continuance. 
Did this symptom, so often an accompaniment of inflammatory action about the sur- 
face of the diaphragm and liver, mark the period of formation of the soft adhesions 
found connecting the diaphragm and liver; or did it depend on some temporary in- 
crease of upward pressure only, and become relieved by the evacuation of the grumous 
blood, as it began to disappear when this took place? 

Although probably the mucosanguineous discharges from the bowels were chiefly 
due to the remedies employed, yet from the facility with which they were brought 





on, and the frequent attacks of epistaxis, there probably existed a more or less con- 
gested state of the mucous membrane throughout: in regard to the large discharge of 
blood on the evening of the eighth day, viewing as I then did, the case as one of 
general concussion, with congested state of liver, I had hoped it would have proved 
a salutary or critical discharge; for it will be noted that not only the hiccup, until 
then distressing, ceased about this time, but the countenance and manner became 
cheerful, the jaundice less, the dullness of the right side of chest diminished, and the 
patient expressed himself relieved. Not being able to detect any direct communication 
between the intestine and the liver, I am still inclined to think it must have suddenly 
regurgitated from the portal vessels, and, but for other conditions present, might have 


relieved or removed the congested state of liver. 


Comment.—Owen’s case was admirably well studied and commented. It is 
regrettable that space does not allow it to be related in full. 





The death in his case was probably caused by shock due to the liver injury 
and secondary anemia. The type of pain with irradiation through the right 
shoulder and with relief when lying on the left side is typical of a lesion close 
to the capsule. The paroxysms of pain on the fourth day when there was not 
much pain on pressure over the abdomen could have been caused by blood clots 
in the biliary tract. 
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The source of the copious melena could hardly have been the epistaxis 
which is not deseribed as being serious. There was no hematemesis and. the 
blood did not show signs of having been digested in the stomach. As there was 
no other lesion in the digestive tract the blood probably originated in the liver. 

Owen himself discussed the connection between the melena and the improve 
ment of the patient, characterized by the disappearance of the hiccup, the de- 
crease of jaundice, the diminished pain, and the reduction in size of the liver. 
As he thought that there probably was a connection he looked for a direct 
communication between the cavity in the liver and the intestines. 

With the experience evained from Cases 1 to 3 there does not seem to be 
much doubt that the communication which Owen looked for in vain was the 
biliary tract and that the melena was a sign of hemobilia. 

Hitzrot'? reported the following case from The New York Hospital, in 190s. 


CaseE 5.—A man aged 32 years was admitted. He complained of swelling in the upper 
part of the abdomen, weakness, pain in the abdomen radiating to the left side and into th 
back below the left shoulder blade, and blood in the stools. 

Four months before admission the patient had been struck, while at work, a severe 
blow upon the stomach by a truck stay. Following the blow he was nauseated, felt weak, 
and had severe abdominal pain, for which he consumed large quantities of whiskey. He was 
unable to work as the pain was aggravated by moving, coughing, vomiting, or deep breathing. 
About two months after the injury the pain became more intense, was localized definitely 
in the epigastrium, and the patient could neither lie down nor sleep. About three months 
after the injury a swelling appeared which thereafter steadily increased in size, Throughout, 
he had morning vomiting which never contained blood. 

Examination.—The general examination was negative. The abdomen was markedly 
swollen in the epigastric region, where there was a large tender mass extending from the 
costal margin almost to the navel and laterally about five inches each side of the mediar 
line. The mass seemed elastic, semifluctuant, and quite superficial. It was continuous with 
the liver dullness. The stools contained blood onee. Hemoglobin was 72 per cent. The 


temperature ranged from 99° to 101° F. 


Operation.—A median epigastric incision was made over the center of the mass, exposing 
a large cystic mass projecting from the liver surface. On aspiration with a trocar, 82 


ounces fluid blood were obtained, the removal of which left a large cavity which extended 


deeply into the surface of the liver. This cavity was packed with two large one-yard gauze 
rolls. The other viscera felt normal. Convalescence was uneventful and the patient was dis 
charged from the hospital at the end of six weeks. Four months after the operation he was 


reported as free from pain. Stools were normal and he again resumed work. 


Hitzrot comments: This case presents many features of interest, namely, 
the long period of symptoms, the gradual appearance of the swelling, the 
marked alcoholic history, the size of the blood cyst and the long period (five 
months) which elapsed between the injury and the operation. 

The case represents the type of subcapsular hematoma of some size forming 


a blood eyst. 


Comment.—There was probably a subcapsular rupture in this case which 
produced a subcapsular cavity through a gradually increasing collection of 
blood. As in the preceding case the pain was of the kind that usually emanates 
from the capsule. 

The symptom of bloody stools is just mentioned, but it seems to have been 
one of the chief complaints of the patient when he entered the hospital four 
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months after the accident. During his hospital stay the stools contained blood 
once. The protracted hemorrhage can in this case best be explained as caused 
hy the liver lesion. 

The following case was reported by Wulsten®’ from The Surgical Depart- 
ment of the Hindenburg Hospital in Berlin in 1931. 


CASE 6.—An 11-year-old girl was admitted to the hospital. 

History.—Four weeks before admission while she was coasting, her sled had run into a 
fence. She received a severe blow in the upper abdominal region, She began to vomit and 
complained of severe pain in the whole body. She was brought to her home where she became 
unconscious and vomited frequently. She was bruised over the regions of the liver and the 
spleen. The next day as the child had repeated nosebleeds a nose specialist was called who 
treated the hemorrhage with cautery. For a few days she was better but was not able to 
leave the bed. She became increasingly pale and weak but had no fever. Eight days before 
admission the nosebleed recurred. She vomited light blood both then and six days later. 
She could not lie on the right side. 

Examination.—The patient was an extremely pale and emaciated looking 11-year-old 
girl, There was some tenderness over the liver and the spleen. The liver could be palpated 
4 em. below the costal arch. 

The child lay steadily on the left side and did not want to turn over on her back. The 
urine contained many red blood corpuscles. Hemoglobin was 27 per cent. It was supposed 
that she had a central liver rupture, possibly a portal thrombosis. The child was treated 
for two months before she died. 

Now and then the temperature rose to 39.5° C, for a few days. During these days the 
pain in the liver region became worse and she vomited frequently. During the three first 
weeks the stools were tarry from blood, often diarrhea. After two weeks the hematuria 
disappeared. The anemia could not be influenced and the hemoglobin sank to 19 per cent. 
The liver region remained tender but the lower border of the liver was palpated at different 
levels. For a short time the child was in better condition but then she again had severe 
pain in the liver region. From that time on she went rapidly downhill and had unbearable 
pain until she died. 

Autopsy.—At autopsy the following was found: In the right lobe of the liver there 
Was a cavity the size of a child’s head, covered by the right diaphragm. The liver capsule 
was intact. The cavity contained blood clots and brownish-red fluid. 

There were multiple subpleural and subepicardial ecchymoses. There also were numer- 
ous small nemorrhages in the mucosa of the small intestine and solitary ones in both kidney 
pelves. 

Microscopic sections of the liver showed both old and recent necrotic areas. In the 


center of the latter there were signs of fresh hemorrhages. 


Wulsten comments: A lone-standine hematuria and blood in the stools for 


weeks with tarry stools as late as five weeks after the injury have never been 
described. These signs can perhaps be of help in the diagnosis. 

Comment.—The liver rupture in this case gave rise to a large cavity. The 
type of pain was similar to that in Case 4 and indicates that the lesion had a 
subeapsular location from the start. Judging from the outcome of Cases 5, 7, 
and 8 where the cavities were of similar size, the child could perhaps have been 
saved by an early operation with drainage of the cavity. 

The striking features in this case were the marked anemia and the pro- 
tracted hemorrhage. At autopsy there were found multiple subpleural and sub- 
epicardial eechymoses, numerous small hemorrhages in the mucosa of the small 
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intestine, and solitary ones in both kidney pelves. These were supposed to be 
of toxie origin. Another possibility is that they were caused by the sudden 
increase in the venous pressure when the thorax was compressed. 

The blood in the vomit and in the stools could have originated from these 
hemorrhages in the mucosa. Considering the large amounts of blood that were 
lost and with the experience gained from Cases 2 and 3 it seems more likely 
that the blood came from the liver lesion. The changes in volume of the liver 
that are described could have been due to evacuation of blood through the 
duets alternating with hemorrhage from the wall of the cavity. 

Cases With Biliary Colic.—Cases 7 to 9 (also Cases 1 to 4+) had biliary 
colic. Such a case was reported by Holm!’ at the Surgical Department of Geh.- 
Rat Bier in Berlin in 1914. 

CASE 7.—A 19-vear-old laborer was admitted after having been run over by an auto 
mobile while bicycling. He was in a state of severe shock on admission, He had a fracture 
of the left forearm and also an extraperitoneal rupture of the bladder, which was operated 


upon. 

After an improvement of a few days he suddenly had an intense pain below the right 
costal margin, radiating to the right shoulder. No explanation was found in the chest for 
this pain. The abdomen was soft and not tender. The piercing pains continued for a few 
days but then there appeared a marked tenderness to pressure over the liver with reflectory 
abdominal rigidity. 

Two weeks after the accident his condition became worse. He became icteric and had 
violent attacks of vomiting. The liver region remained just as tender but it was also noted 
that the liver was markedly enlarged. 

Operation.—Operation was then carried out. There was no blood in the abdominal 
eavity and no peritonitis. The liver was enlarged to twice the normal size and the 
convexity distended like a balloon (the biliary ducts are not described). Upon puncture of 
the liver a cavity was found below a more than 2 em. thick layer of parenchyma. From this 
3 liters of fluid, consisting of bile and blood, were emptied, after which the liver collapsed. 
The cavity was drained; in the beginning there was abundant secretion but six weeks later 


the wound was healed. The patient recovered. 


Holm concluded that this was a case of central rupture of the liver, note- 
worthy because of the unusual amount of bile mixed with blood that was found 
in the cavity. 

Comment.—In this case there was undoubtedly a central rupture of the 
liver with an accumulation of bile and blood. The severe pains below the right 
costal margin radiating to the right shoulder had a definite character of biliary 
colic. They can hardly be explained by the swelling of the liver with distention 
of the capsule, as the abdomen then was entirely soft and not tender. The 
tenderness did not appear until after several days, and the signs of hepatic 
enlargement appeared still later. The course in this case is best explained by 
the presence of blood clots in the biliary tract. 

The following ease was reported by Brandberg* from the Lund Hospital 
in 1926. 

CASE 8 (No. 2692).—A boy aged 14 vears was knocked down by a bus and was hos 
pitalized on the following day. “On admission a right-sided fracture of the olecranon was 
established and was operated upon. There was some tenderness in the right side of the 
abdomen from the navel up into the epigastrium. There was a fracture of the pelvis and 
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lesion of the right kidney (tenderness to pressure over the kidney and hematuria). These 
lesions healed without complications. The patient had a slight increase in temperature. The 
tenderness in the abdomen declined and the hematuria disappeared, Some days after ad 
mission the patient had attacks of sudden pain, radiating from the epigastrium out to the 
left shoulder. The attacks lasted five to ten minutes, came on several times a day, and were 
frequently so severe that the patient groaned aloud. Between the attacks of pain the patient 
had no discomfort. Gradually the attacks occurred more seldom, but on the other hand the 
patient began to complain of a continuous sensation of tenseness in the epigastrium. There 
was a concomitant increasing enlargement of the liver, the liver finally reaching the level of 
the umbilicus. Urine and feces were normal in color. No ieterus was observed. 
Operation.—Laparotomy was performed one month after the accident. The greatly 
enlarged liver showed no external lesions but fluctuated markedly. After isolation of the 
abdominal cavity the liver was incised and at the depth of 1 em. a cavity was found which 
was seen to contain 8 liters of bile. Drainage was carried out. The first days following 
operation the feces were entirely acholie and an abundant amount of bile flowed out into 
the bandages. The bile flow soon ceased, the feces regained a normal color, and about six 


weeks postoperatively the patient was discharged, entirely cured. 


I have learned from the hospital that the feces were not examined for blood 
until the time of the operation, that is, after the attacks of pain had ceased. 
The tests were then negative. 

Brandberg discussed the intense pain in his and Holm’s patients (Cases 
8 and 7). The difference in the irradiation—in Holm’s ease through the right 
shoulder, in his own through the left shoulder—he explained by the fact that 
in the first case the rupture was mainly in the right part of the liver, in the 
second case in the left part. Brandberg found that those two cases are argu- 
ments against the general applicability of the rule that central ruptures of the 
liver do not cause pain. 

He concluded that the distention of the liver is more important as a cause 
of pain than the localization of the lesion. 


Comment.—Brandberg’s case was very similar to Holm’s and was also a 
ease of true central liver rupture. The attacks of violent pain of short duration 
with intervals free from discomfort can best be explained by the passage of 
blood clots. The only atypieal trait is the irradiation through the left shoulder. 

It is difficult to understand how these attacks could have come from a dis- 
tention of the capsule because the patient was free from symptoms between the 
attacks. The liver did not become enlarged until later. Then there also was a 
continuous sensation of tenseness in the epigastrium such as one would expect 
from a distended capsule. 

This case history seems to demonstrate clearly the difference in pain ocea- 
sioned by the passage of clots as compared to the pain from a distended capsule, 
both occurring successively in the same case. 

Castrén® of The Hospital of the Red Cross of Finland described the fol- 
lowing ease in 1946. 

CASE 9.—A 14-year-old boy was knocked down by an automobile and was pushed 10 


meters by one of the front wheels. He could walk alone about 500 meters but after a few 


hours he could not move and could not even lie on his back. His comrades brought him to 
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the hospital. He was then in a state of shock but was perfectly conscious. He had bruises 
on the right elbow, on the right side of the pelvis, and on the lower part of the costal margin. 
There was tenderness in the right side of the back, corresponding to the lower ribs. There 
was macroscopic hematuria which disappeared on the third day. The hemoglobin was 49 pet 
cent. On the fourth day he was discharged with the diagnosis of abdominal contusion (rup 
ture of the right kidney?). 

He stayed in bed at home and everything was well until the eighth day, when he felt 
a pain in the right lower part of the chest increasing with the respiration. On the tenth 
day he had such violent pains in the epigastrium that he doubled up and was short of breath. 
At the same time there was increasing tenderness in the back. He was then brought to 
the hospital again, 

At examination he looked ill; he was pale and the hands and feet were cold. There was 
tenderness in the abdomen, especially under the right costal arch. Hemoglobin was 60 per 
cent. The urine contained albumin, some hyaline and granulated cylinders, and leucine 
crystals. At x-ray examination the right diaphragm showed decreased excursions. 

The pains decreased at first but on the sixteenth day he had a violent attack of severe 
pain irradiating through the right shoulder. The liver, of firm consistency, could be felt 
in the mamillary line, two fingerbreadths below the costal arch. At that point there was 
extreme tenderness. Hemoglobin was 58 per cent, temperature 38.2° C, 

Ten days later the pains had disappeared; there had been no fever for one week. The 
liver was unchanged. One month later he was back at work without symptoms. The diag- 


nosis was central rupture of the liver. 


Castrén was fairly certain that there was a central rupture of the liver in 
this case. Besides the story and clinical signs there was also biliary pigment 
in the urine, indicating liver damage. The finding in the urine of albumin and 
evlinders made him believe that there also was a hepatorenal syndrome. He 
did not discuss the pain in this case. I wrote to the hospital and found that the 
stools were not examined for blood. 


Comment.—In this case the diagnosis was not verified. <A liver injury 
seems most likely but it is difficult to say whether there was a central or a sub- 
capsular rupture. The attacks of pain may have been due to increasing 
collection of blood under the capsule. The simultaneous tenderness in the liver 
region supports this explanation. On the other hand, the marked anemia indi- 
cates a larger loss of blood than could well be occasioned by a moderate hema- 
toma in the liver. The repeated attacks of violent pain of short duration may 
well have been caused by blood clots in the biliary ducts. 

In this ease there is thus a possibility that there was a ‘‘hemobilia’’ with 
biliary colic eaused by a subcapsular liver lesion. The probability seems some- 
what less than in the two preceding eases. 

DISCUSSION 

Nine cases have been collected in which a trauma to the liver region has 
resulted in a hemorrhage into the biliary traet. A subeapsular lesion was 
proved by autopsy or operation in six of the cases (Cases 3 to 8). In the re- 
maining three eases such a lesion seemed highly probable for the reasons men- 
tioned. The presence of blood in the biliary tract was proved in three cases 
(Cases 1 to 3); it was highly probable in five (Cases 4 to 8) and at least possible 


in one (Case 9). 
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Considering that these nine cases have been taken from a collection of 
twenty cases and that blood in small quantities in the bile ducts is likely to be 
overlooked it seems justified to conclude that hemorrhage into the biliary tract 
or “‘hemobilia’’ is a frequent symptom in subeapsular liver lesions. (There 
have been cases described of central liver ruptures where there was no escape 
of bile, indicating that no bile radicals were injured {Robertson??|. One could 
not expect a hemobilia of importance in such a ease.) 

The course and the signs of hemobilia can be studied in the nine cases 
described. 

In minor liver injuries, which although apparently not infrequent are sel- 
dom recognized because of their vague symptoms, a slight hemobilia could be 
expected to give an occult melena. In Case 1 where a hemobilia was verified, 
the test for occult blood in the stools was positive. It is recommended that this 
test be made in all cases where a liver injury is suspected, but where the symp- 
toms are uncertain. 

A more pronounced hemobilia causes hematemesis (Cases 3 and 6) or 
melena (Cases 2 to 6). A secondary anemia may result (Cases 1, 8, 5, and 9), 
sometimes severe (Cases 4 and 6). 

It may be difficult to decide whether the hemorrhage originates in the di- 
gestive tract or in the liver (Case 6). The sudden increase in the venous pres- 
sure caused by the compression of the thorax which usually occurs in these eases 
may give rise to multiple small hemorrhages and to epistaxis (Cases 4 and 6). 
A protracted hemorrhage lasting for weeks or months is most likely to be due 
to hemobilia. The bile mixed with the blood delays clotting and the vessels in 
the liver parenchyma have little power of contraction. 

If the blood clots in the biliary tract, new events occur. 

The passage of the clots causes pain which has the character of biliary colic 
(Cases 1 to 4 and 7 to 9). The passage of a clot has been proved in a few 
cases where it was found in the vomit (Case 8) or in the stools (Case 2). When 
the clot has passed the attacks may stop definitely (Case 3), or until new clots 
are formed (Case 2). It seems that clots consisting of a mixture of blood and 
bile become rather tough in consistency (Cases 2 and 3). 

When the clots do not pass but obstruct the ducts, jaundice naturally re- 
sults as in Cases 2 and 7. It may subside when the clot passes. 

I have not found any case where a permanent obstruction of the common 
duet was with certainty due to a coagulum. (Lincke’® described a 6-year-old 
hoy who was operated upon for a total obstruction and where there were signs 
of a central liver lesion. Although it is possible that the obstruction was caused 
by a coagulum, it seems equally possible that a constriction of the common duet 
was caused by a concomitant injury to the surrounding tissues. ) 

If the blood clots in the gall bladder it acts in the same way as a gall- 
stone (Cases 1, 2, and 3), producing characteristic pain and tenderness. <A 
distended gall bladder may be palpated (Cases 1 and 2). It is even probable 
that the clots will become impacted and cause a distention gangrene (Case 2). 

As long as the blood flows freely from the rupture it is probable that no 


large cavity will be formed, but when the biliary ducts are closed off, fluid 
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collects and forms a cavity. This is clearly demonstrated in Cases 7 and 8 
(probably also in Case 4+). When the attacks of biliary colic subside the liver 
becomes enlarged and a continuous sensation of tenseness in the epigastrium 
results. Large cavities containing a mixture of bile and blood may be found 
upon operation or autopsy. In other cases a clot in a central duet may loosen 


and get pushed out with a large eush of blood (Cases 2, 3, and 4). 


The symptoms of ‘‘hemobilia’’ have often been misinterpreted (Cases 1, 2, 


1,7, and 8). When this symptom is understood and the signs of it are looked 
for, a clearer conception and a more certain diagnosis of many cases of sub- 


capsular liver lesions will be obtained. 


SUMMARY 


1. Nine cases (one reported herein and eight collected from the literature) of 


subcapsular liver injuries presenting a certain or probable hemorrhage to the 
biliary tract have been studied. This svinptom has been named ‘*hemobilia.’’ 


2. Hemobilia may cause (a) hematemesis and melena, (b) biliary colic, 
(¢) biliary obstruction or (d) gall bladder distention. 

3. Hemobilia should be looked for in all cases of liver injuries with vague 
symptoms. It might be a frequent symptom of value in the diagnosis and 
understanding of these cases. 

REFERENCES 


1. Ady, C.: Die Subkutanen Leberverletzungen, Dissert. Greifswald, 1900. 

2, Andersson, L.: Ueber zentrale Leberrupturen und ihre Komplikationen, vorzugsweise Ab 
seesse, Beitr. z. klin. Chir. 135: 696, 1926. 

3. Bauer, H.: Die zentrale Leberruptur und ihre Folgen, Vrtljschr. f. gerichtl. Med. 56: 
33, 1918. 

1. Brandberg, R.: Beitrag zur Klinik der traumatischen Leberverletzungen bei unverletzte: 
Kapsel, Acta chir. Scandinav. 63: 521, 1928. 

5. Brandberg, R.: Subkutana traumatiska leverskador, Nord. med. tidskr. 4: 712. 1952, 

6. Castrén, P.: Ueber subkutane Leberrisse und das hepatorenale Syndrom, Acta. chir. 
Seandinav. (suppl. 105) 93: 1, 1946, 

7. Corriden, T. R.: Subeapsular Rupture of the Liver in a Child, SURGERY 8: 446, 1940. 

8. Edler, L.: Die traumatisehen Verletzungen der parenchymatdsen Unterleibsorgane, Arch. 
f. Klin, Chir, S4: 343, 1887. 

9, Finsterer, H.: Zur Diagnose und Therapie der Leberverletzungen, Beitr. z, klin, Chir, 119: 
598, 1920. 

10. Fraenkel, F.: Ueber die subkutane Leberruptur und deren Behandlung durch primire 
Laparotomie, Beitr. z. klin. Chir. 30: 418, 1901. 

11. Hawthorne, H. R., Oaks, W. W., and Neese, P. H.: Liver Injuries With a Case Report 
of Repeated Hemorrhages Through the Biliary Duets, SURGERY 9: 358, 1941. 


12. Hitzrot, J. M.: Subcutaneous Injuries of the Liver, Ann. Surg. 66: 50, 1917. 
13. Holm, O.: Zur Kenntnis der zentralen Leberruptur, Dissert. Berlin, 1914. 
l4. Hiimiildinen, M.: Ueber der Entstehungsmechanismus der durch stumpfe Gewalt verur 


sachten sog. subkutanen Rupturen der parenchymatosen Organe des Unterleibes, 
Acta Soc. med. fenn; p. 6, 1925. 

15. Klob: Cited by Bauer.’ 

16. Krogius, A.: Untersuchungen ueber den Mechanismus der traumatischen Organrupturen, 
Acta chir. Scandinay, 52: 299, 1919. 

17. Lecerf: Observation du kyste traumatique du fois, Union médicale, p. 94, 1881. 

18. Lewerentz: Ueber die subkutane Rupture der Gallenwegen, Arch. f. klin, Chir. 71: 111, 
1903. 

19. Lineke, Ad.: Ein weiterer Beitrag zur operativen Behandlung einer Gallengangszerreis 
sung, Dissert. Leipzig, 1908. 

20. Markwaldt: Ausgeheilte traumatische Ruptur der Leber, Miinchen. med. Wehnschr, p. 
1909. 

21. Merkel: Zentrale Leberzertriimmerung, Ztschr. f. Med.-Beamte p. 112, 1913. 

22. Norgore, M.: Traumatie Rupture of the Gall Bladder, Ann. Surg. 123: 127, 1946. 


9” 
Pj 

















586 SURGERY 

23. Owen: Case of Lacerated Liver, London Med. Gazette, p. 1048, 1848. 

24. Petersson, C.: Cited by Andersson.? 

25. Rathecke: Subkutane Leberruptur, Berl. klin. Wehnschr. 35: 718, 1898. 

26. Robertson, D. E., and Graham, R. R.: Rupture of the Liver Without Tear of the Capsule, 
Ann. Surg. 98: 899. 1933. 

27. Robertson, D. E.: Rupture of the Liver Without Tear of the Capsule, Ann. Surg. 106: 
167, 1937. 

28. Rudberg, H.: Traumatic Rupture of the Bile Ducts, Upsala likaref. fOrh, 27: 228, 1922. 

29, Schweninger: Ueber Leberrisse, Deutsche med. Ztschr. 11: 122, 1882. 

30. Siegel, E.: Ein Fall von traumatischer Gangrin der Gallenblase, Miinchen. med. Wehnsehr. 
56: 341, 1909. 

31. Théle, F.: Verletzungen der Leber und der Gallenwege, Stuttgart, 1912 (Neue Deutsch. 
Chir. IV), Ferdinand Enke. 

32. Vance, B. M.: Subcutaneous Injuries of Abdominal Viscera, Arch. Surg. 16: 631, 1928. 

33. Wilms: Zur Behandlung der Leberrupturen, Deutsche med. Wehnschr, 27: 564, 593, 1901, 

34. Wright, L. T., Prigot, A., and Hill, Jr., L. M.: Traumatic Rupture of the Liver Without 
Penetrating Wounds, Arch. Surg. 54: 613, 1947. 

). Wulsten, J.: Zur Klinik und Pathologie der zentralen Leberruptur, Beitr. z. Klin. Chir. 


153: 424, 1931. 

















In Memoriam 


ALBERT OQ, SINGLETON 
1882-1947 

LBERT O. SINGLETON, professor of surgery at the University of Texas 

School of Medicine, died at his home in Galveston on June 12, 1947, of 
coronary artery disease. He was widely known as an outstanding surgeon and 
medical educator and was, in addition, greatly beloved by many friends both 
within and outside the profession. 

He belonged to a small group of surgeons, now rapidly disappearing in an 
age of inereasing specialization, who could perform almost any type of opera- 
tion well. He was also recognized as a leader in the adoption of new surgical 
techniques and procedures. He was an early advocate of upper intestinal de- 
compression as a routine postoperative measure, and he realized the importance 
of maintaining proper fluid and electrolytic balance in his patients at a time 
when administration of parenteral fluids was considered a radical procedure. 
He was the first man in the state of Texas to perform a total gastrectomy, a 
pneumonectomy, and closure of a tracheo-esophageal fistula. Because of his 
vast amount of experience in many fields of surgery, he could write and talk 
authoritatively on a wide variety of subjects. His best known papers dealt 
with the problem of wound disruption, the use of anatomic incisions, cancer 
surgery of the large bowel, diseases of the lymphatics, splenectemy, and the 
newer aspects of thoracic surgery. He continually stressed the importance of 
fundamental anatomy, physiology, and pathology in the treatment of the pa- 
tient, and felt that all progress in surgery must rest upon advances in these 
basic sciences. In addition to his medical writing, he was particularly inter- 
ested in the history of medicine in Texas, and chose as his presidential address 
for the Southern Surgieal Association in 19389, an account of **The Surgeon in 
the Romantic Story of Texas. 

As a clinical teacher of surgery in the wards and as an operating room 
demonstrator, Dr. Singleton was at his best. He was a master technician, bold 
and decisive as an operator, but ever cautious in his handling of the tissues. 
His remarks were punctuated by wit and emphasized by brevity. 

Dr. Singleton received his surgical training under Dr. James E. Thompson, 
having been granted his medical degree from the Medical Braneh of The Uni- 
versity of Texas in 1910. He was associated with the institution for thirty 
vears, and was appointed professor of surgery and chief surgeon of the John 
Seally Hospital upon Dr. Thompson’s death in 1927. He worked constantly for 
the betterment of the hospital and medical school and was instrumental in 
bringing to fulfillment a program of expansion of the physical plant as well as 
setting up the first postgraduate program in Texas for specialty training. Un- 
der his leadership, the departments of Orthopedics, Genitourinary Surgery, 
Thoracic Surgery, and Plastic and Maxillo-facial Surgery were set up and pro- 
visions were made for animal research. Because of his untiring efforts, the 
Medical School was able also to establish, a number of vears ago, an Anesthesia 
Department of the first class. 
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A member of the Founder’s Group of the American Board of Surgery, 
Dr. Singleton served on the Board of Governors of the American College of 
Surgeons from 1937 to 1940. He was also vice-president of the latter organiza- 
tion in 1939-1940, and had been president of the Southern Surgical Association, 
president of the Texas Surgical Society, and vice-president of the American 
Surgical Association. He was also a member of the editorial staff of SURGERY. 
He belonged, in addition, to the American Association of Thoracic Surgery, the 
International Surgical Association, the American Association for the Surgery of 
Trauma, the American Cancer Society, Kappa Sigma, Phi Alpha Sigma, and 
Alpha Omega Alpha. He was an active participant in organizational meet- 
ings, enjoying keenly the stimulation of association with surgical colleagues and 


contributing greatly himself to scientific discussion of surgical problems. 





Albert O. Singleton 


Dr. Singleton was genuinely devoted to his family and home. He is sur- 
vived by his wife, the former Miss Will Dean Bivens, and by two sons, Dr. Albert 
QO. Singleton, Jr., and Dr. Edward B. Singleton. 

Dr. Singleton stood always for the highest personal and professional ideals. 
His name must be added to the list of illustrious surgeons in the Romantic 
Story of Texas. —T. G. Blocker, Jr. 
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Aseptic Treatment of Wounds. Carl Walter, M.D. New York, 1948. The Maemillan 


This work will appeal to surgeons and nurses concerned with this important problem. 
The book represents « complete study of every phase of the subject. Most modern surgeons 
and nurses in charge of operating theaters have received their training from those who 
preceded them. The technical preparation of materials for use in the operating rooms and 
the principles of asepsis have been handed down from generation to generation without ques- 
tioning the validity of the procedures. The surgeons and nurses at the beginning of the 
century were more intimately concerned with methods because they were the practical testers 
of the laboratory theories. They scrutinized the techniques with care and with understanding 
of the underlying purpose of each step. As tested techniques developed they were accepted 
or discarded. By the time of World War I the majority of these surgical preparations and 
procedures had been standardized for general use with only minor variants in certain clinics. 

Walter’s book traces the historical development of the aseptic principle. The step-by 
step progression from the first recognition of the infectious nature of sepsis to the complete 
triumph of steam sterilization is expounded with accuracy and complete documentation. 
Facsimile title pages of the important first discoveries lend interest to the manuscript. 

The clinical destruction of bacteria is carefully considered. The estimation of the value 
of given chemicals against the various types of microorganisms is presented with the proper 
measures necessary to really define their worth. The common antiseptic chemicals such as 
alcohols, chlorinated compounds, iodine, formaldehyde, the mercurials, the phenols, and the 
quaternary ammonium compounds are all compared as to their value against bacteria in 
varied situations. The chemical disinfection of instruments is treated from a practical every 
day standpoint. Technical details to avoid contamination of sterilized instruments are well 
illustrated. This makes the book an ideal reference book for training younger members of 
the medical and nursing professions. The care necessary to maintain the cutting edges of 
instruments is well considered. Sterilization of utensils, ampules, rubber goods, instruments 
with optical lenses, plastics, brushes, suture materials, etc., is made clear, and possible mis 
takes in their handling pointed out. 

The use of physical agents to destroy bacteria is reviewed. The effects of light, pres 
sure, radiation, dry and moist heat are given consideration, Sanitization by boiling water 
is rated as important. The construction of sterilizers so that there is proper venting with 
mechanisms to prevent backflow contamination is shown by numerous drawings. No step is 
too unimportant to safeguard the sterility of the prepared materials. 

Sterilization by steam has many pitfalls but these are unmasked. The types of steam 
sterilizers are compared. Their advantages and disadvantages are set forth. Mistakes in 
ising superheated steam are pointed out. The control of steam sterilization and methods for 
testing are carefully tabulated. 

Sterilization of dressings and dry goods is illustrated by packaging for a laparotomy. 
The complete picture is presented from the preparation of the wrapper, the assembling of 
supplies, the wrapping and tying of the kit, even to the type of knots—amply illustrated step 
by step. The steps in folding laparotomy sheets, gowns, the making of sponges, pads, packs, 
ete., are beautifully shown. No operating room or nursing school should be without this 
book because of the detailed information it provides. 

The care of instruments, their sterilization, the care of hollow needles and glass syringes, 
dry and wet techniques for rubber gloves, and every phase of preparation of materials for 
aseptic surgery is explained clearly so that nothing is left to chance. 

Complete details of every conceivable type of operative procedure are given from the 
scrubbing of the team, the preparations of the nurses’ tables, the disposal of the instru- 
ments, the donning of the gowns and gloves, the disinfection of the operative field, the draping 


of the area, the positioning of the patient, and the actual operating room technique in the 
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aseptic handling of material even to the placing of the sutures. These maneuvers are given 
line drawing treatment omitting no detail which may help to clarify. Measures to diminish 
the airborne contaminants sare discussed under such headings as masking, aerosols, and 
ultraviolet light installations. 

The last chapters of the book are concerned with the decontamination and resterilization 
of instruments and goods after septic cases. Measures to determine that contamination will 
not be spread are again well shown by illustrations. The preparation of parenteral fluids so 
that these are convenient and easy to use has long been one of Walter’s pet projects. No 
director of a central preparation room or Red Cross blood procurement center can afford to 
pass up the wealth of information given in these chapters on solutions and blood and plasma 
facilities. The control measures necessary to prevent the spread of communicable disease 
from one part of the hospital to another are also well covered. The final chapter has to do 
with the proper maintenance of sterilizing equipment. It is replete with many useful sugges 


tions gained by intimate firsthand observations under actual running conditions. 


Books Received 


The receipt of books is acknowledged in this section and this treatment must be regarded 
as sufficient acknowledgment of the courtesy of the senders. Selections will be made for 
more extensive review dictated by the interests of our readers and as space permits. 


OSTEOTOMY OF THE LONG BONES. By Henry Mileh, M. D., Consulting Ortho 
pedist, Maimonides Hospital. Cloth Price $6.75. Ed. 1. Pp. 320, with 269 illustrations. 
Springfield, [L., 1947, Charles C Thomas, Publisher. 

A SHORT HANDBOOK OF PRACTICAL ANAESTHETICS. By Hoel Parry-Price, 
Surgeon Commander, U. D., R. N. U. R. Cloth. Price $3. Ed. 1.) Pp. 120, with 50 illustra 
tions. Bristol, 1946, John Wright & Sons, Ltd. 

SURGERY OF THE AMBULATORY PATIENT. By L. Kraeer Ferguson, A.B., 
M.D., F.A.C.S. Cloth. Price $10. Ed. 2.) Pp. 901, with 645 illustrations. Philadelphia, 
1947, J. B. Lippincott Company. 


FUNDAMENTALS OF PSYCHIATRY. By Edward A. Streaker, M.D., L.L.D., 
Professor of Psychiatry, Chairman of Department of University of Pennsylvania. Cloth. 
Price $4. Ed. 4.) Pp. 325, with 21 illustrations. Philadelphia, 1947, J. B. Lippincott 
Company. 


ESSENTIALS OF PHARMACOLOGY. By Frances K. Oldham, Ph.D., Research in 
Pharmacology, F. E. Kelsey, Ph.D., Associate Professor E. M. K. Geiling, Ph.D., Professor, 
Chief Department of Pharmacology, University of Chicago. Cloth. Price $5. Pp. 413, with 
no illustrations. Philadelphia, 1947, J. B. Lippincott Company. 

TEXTBOOK OF THE NERVOUS SYSTEM. By H. Chandler Elliott, M.A., Ph.D., 
Assistant Professor of Anatomy, Medical College of State of North Carolina. Cloth. Price 
$8. Pp. 326, with 158 illustrations. Philadelphia, 1947, J. B. Lippineott Company. 

GEORGE CRILE, AN AUTOBLOGRAPHY. Vol. I and Il. By George Crile, edited by 
Grace Crile. Cloth. Price $10. Ed. 1. Pp. 606, with 22 illustrations. Philadelphia, 1947, 
J. B. Lippincott Company. 


SURGICAL DISORDERS OF THE CHEST. By J. K. Donaldson, M.D., Professor of 
Surgery, University of Arkansas. Cloth. Price $8.50. Ed. 2. Pp. 485, with 146 illustra 
tions. Philadelphia, 1947, Lea & Febiger. 


BLOOD DERIVATIVES AND SUBSTITUTES. By C. 8S. White, M.D., Se.D., Former 
Professor of Surgery, George Washington University, and J. J. Weinstein, B.S., M.D., As 
sociate in Surgery, George Washington University. Cloth. Price $7.50. Ed. 1. Pp. 474, 
with 190 illustrations. Baltimore, 1947, Williams & Wilkins Company. 

THE FOOT AND ANKLE. By Philip Levin, M.D., Professor of Bone and Joint 
Surgery, Northwestern University. Cloth. Price $11, Ed. 3. Pp. 847, with 389 illustra 
tions. Philadelphia, 1947, Lea & Febiger. 

DISEASES OF THE NOSE, THROAT AND EAR. By W. L. Ballenger, M.D., Late 
Professor University of Illinois, H. C. Ballenger, M.D., Associate Professor of Otolaryngology, 
Northwestern University. Cloth. Price $12.50. Ed. 9. Pp. 993, with 597 illustrations. 
Philadelphia, 1947, Lea & Febiger. 
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CONGENITAL MALFORMATIONS. By Douglas P. Murphy, M.D., F.A.C.8., As 
sistant Professor of Obstetrics and Gynecology, University of Pennsylvania. Cloth. Price 
$5. Ed. 2. Pp. 127, with no illustrations, Philadelphia, 1947, J. B. Lippincott Company. 

AMERICAN MEDICAL RESEARCH PAST AND PRESENT. By Richard H. 
Shryock, Ph.D., Professor of History and Lecturer in Medical History, University of Penn 
sylvania. Cloth. Price $2.50. Ed. 1.) Pp. 350, with no illustrations. New York, 1947, 
Commonwealth Fund. 

BRAIN AND INTELLIGENCE. By Ward C. Holstead, Professor, University ot 
Chicago. Cloth. Price $6. Ed. 1, Pp. 206, with 27 illustrations. Chicago, 1947, Univer 
sity of Chicago Press. 

ATLAS OF PRACTICAL INCISIONS AND SOME OPERATIVE PROCEDURES 
By Oliver C. Cox, M.D. Cloth. Price $3. Ed. 1.) Pp. 85, with 61 illustrations. Baltimore, 
1947, Williams & Wilkins Company. 

1947 YEAR BOOK OF GENERAL SURGERY. Edited by Evarts A. Graham, A.B., 
M.D., Professor of Surgery, Washington University School of Medicine, Cloth. Price $8 10. 
Pp. 712, with 200 illustrations, Chicago, 1947, The Year Book Publishers, Ine. 

SURGICAL TREATMENT OF THE ABDOMEN. By Frederic W. Bancroft, A.B., 
M.D., Professor Clinical Surgery, New York Medical College and Preston A. Wade. Cloth. 
Price $18.) Pp. 990, with 457 illustrations. Philadelphia, 1947, J. B. Lippincott Company. 

MINOR SURGERY. By Frederick Christopher, M.D., F.A.C.S., Associate Professor 
of Surgery, Northwestern Medical School. Cloth. Ed. 6.) Pp. 1,022, with 937 illustrations. 
Philadelphia, 1948, W. B. Saunders Company. 


SEXUAL BEHAVIOR IN THE HUMAN MALE. By A. C. Kinsey, Professor of 
Zoology, Indiana University, Waldell B. Pomeroy, Indiana University, Clyde E. Martin, 
787, with no 


Research Associate, Indiana University. Cloth. Price $6.50. Ed. 1. Pp. 
illustrations, Philadelphia, 1948, W. B. Saunders Company. 

HOSPITAL CARE IN THE UNITED STATES. Commission on Hospital Care. Cloth. 
Price $4.50. Ed. 1.) Pp. 651, with no illustrations. New York, 1947, Commonwealth Fund. 

CONGENITAL MALFORMATIONS OF THE HEART. By Helen B. Taussig, M.D., 
Associate Professor of Pediatrics, Johns Hopkins University School of Medicine and Director 
of the Children’s Cardiac Clinic at the Harriet Lane Home of the Johns Hopkins Hospital. 
Cloth. Price $10. Ed. 1. Pp. 618, with 177 illustrations. New York, 1947, Commonwealth 
Fund. 

A SYNOPSIS OF ANESTHESIA. By J. Alfred Lee. Cloth. Pp. 254, with 32 
illustrations. Baltimore, 1947, Williams & Wilkins Company. 

GROVES’ SYNOPSIS OF SURGERY. By Sir Cecil P. G. Wakeley, K.B.E., C.B. Cloth. 
Ed. 13. Pp. 687, with 18 illustrations, Baltimore, 1947, Williams & Wilkins Company. 

L’UROLOGIA NELLA DONNA. By Luigi Caporale (O. Uffreduzzi ed A.M. Dog 
liotti) Professore inearieato di Urologia nell ’Universita di Torino. Paper. Ed. 2. Pp. 
566, with 161 illustrations, Torina, 1946, Minerva Medica S. A. Torino, 

LOSTEOSYNTHESE AU CLOU. By R. Soeur, Docteur 235 rue Royale a Bruxelles 
Balgique. Cloth. Ed. 1, Pp. 182, with 134 illustrations. Bruxelles, 1946, Acta Medica 
Belgic ea 64, rue de la Coneorde Bruxelles. 

THE BIOLOGY OF MELANOMAS. The New York Academy of Sciences. Cloth. 
Ed. 1. Pp. 466, with 107 illustrations, New York, 1948, Special Publications of the New 
York Academy of Sciences. 

DISABILITY EVALUATION. By Earl D. McBride, M.D. Cloth. Price $12. Ed. 4. 
Pp. 667, with 482 illustrations, Philadelphia, 1948, J. B. Lippincott Company. 

SOURCE BOOK OF ORTHOPAEDICS, Edgar M. Bick, M.D. Cloth. Price $8. Ed. 2 
Pp. 540, with 31 illustrations, saltimore, 1948, Williams & Wilkins Company. 

THE EPITHELIA OF WOMAN’S REPRODUCTIVE ORGANS. By George N. 
Papanicolaou, M.D., Ph.D., Professor Clinical Anatomy, Cornell University Medical College, 
Herbert F. Traut, M.D., Professor Obstetrics and Gynecology, University of California 
Medical School, Andrew A. Marchetti, M.D., Associate Professor Obstetrics and Gynecology, 
Cornell University Medical College. Cloth. Price $10. Ed, 1.) Pp. 53, with 29 illustrations. 
New York, 1948, Commonwealth Fund. 

ENDOTRACHEAL ANAESTHESIA. By Noel A. Gillespie, D.M., B.ch., M.A. (Oxon.) ; 
M.D., D.A. (R.C.S. Eng.) Associate Professor Anaesthesia, University of Wisconsin. Cloth. 
Price $4. Ed. 2. Pp. 237, with 56 illustrations, Madison, Wis., 1948, University of 
Wisconsin Press. 














y92 SURGERY 


BRITISH SURGICAL PRACTICE (in eight volumes). Volume I, Editors: L. Sir 
Ernest Rock Carling, F.R.C.S., F.R.C.P., Consulting Surgeon, Westminister Hospital, and J. 
Paterson Ross, M.S., F.R.C.S., Surgeon and Director Surgical Clinical Unit, St. Bartholo 
mew’s Hospital; Professor of Surgery, University of London, Cloth, Ed. 1. Pp. 486, 
With 230 illustrations. St. Louis, 1947, The C. V. Mosby Company. Volume II, same editors, 
Cloth. Ed. 1. Pp. 540, with 322 illustrations. 


IDENTIFICATION OF TUMORS. By Nathan Chandler Foot, M.D., Professor Surgi 
cal Pathology, Cornell University Medical College; Surgical Pathologist to New York 
Hospital. Cloth. Price $6.) Ed. 1.) Pp. 397, with 241 illustrations, Philadelphia, 1948, 
J.B. Lippincott Company. 

MODERN MEDICINE ANNUAL 1948.) By A. E. Hedback, M.D. Cloth. Ed. 1. 
Pp. 798, with illustrations. Battle Creek, Mich., 1948, Modern Medicine Publishing Company. 

SURGICAL APPLIED ANATOMY. By Sir Frederick Treves, Bart. G.C.V.D., 
F.R.C.S. Leatsrett. Price $6, Ed. 77. Pp. 560, with 195 illustrations. Philadelphia, 1947, 
Lea & Febiger. 

THE JOURNAL OF BONE AND JOINT SURGERY, Edited by William A. Rogers. 
Paper. Ed. 1.) Pp. 540, with illustrations. Boston, 1948, The Fenway. 

MEDICOLEGAL PROBLEMS. Edited by Samuel A, Sevinson, Cloth. Price $5, Ed. 1. 
Pp. 255, with 6 illustrations. Lancaster, Pa., 1948, J. B. Lippincott Company. 

THE HOSPITAL CARE OF NEURO-SURGICAL PATIENTS. By Wallace B. Hamby, 
M.D., F.A.C.S., Professor of Neurology and Neurological Surgery, University of Buffalo 
School of Medicine, Buffalo, N. Y. Cloth. Ed. 2. Pp. 156, with 30 illustrations. Spring 
field, Ill., 1948, Charles C Thomas, publisher. 

THE DIGESTIVE TRACT IN ROENTGENOLOGY. By Jacob Buckstein, M.D., As 
sistant Professor of Clinical Medicine, Cornell University Medical College. Cloth. Price 
$16. Ed. 1. Pp. $89, with 1,080 illustrations, Philadelphia, 1947, J. B. Lippincott Company. 

CORONARY HEART DISEASE, By <A. Carlton Ernstene, M.D., Cleveland Clinic, 
Ohio. Cloth. Price $2.50. Ed. 1. Pp. 95 with no illustrations, Springfield, Ill, 1948, 
Charles C Thomas, Publisher. 

ASEPTIC TREATMENT OF WOUNDS. By Carl W. Walter, M.D., Assistant Profes 
sor of Surgery, Harvard University. Cloth. Price $9. Ed. 1.) Pp. 372, with 255 illustra 
tions. New York, 1948, The Macmillan Company. 

PHYSIOLOGIC THERAPY By Alvan L. Barach, M.D., Associate Professor of 
Clinical Medicine, Columbia College of Physicians and Surgeons; Assistant Attending 
Physician, Presbyterian Hospital, New York, N. Y. Cloth. Price $9. Ed. 2.) Pp. 408, 
with 74 illustrations, Philadelphia, 1948, J. B. Lippincott Company. 

1947 YEARBOOK OF PATHOLOGY AND CLINICAL PATHOLOGY. Pathology 
edited by H. T. Karsner, M.D., Director, Institute of Pathology, Western Reserve University, 
Cleveland, and H. Lund, Assistant Professor of Pathology, Western Reserve University. 
Clinical Pathology edited by A. H. Sanford, M.D., Professor of Clinical Pathology, Univer 
sity of Minnesota (Mayo Foundation). Cloth. Price $5.75, Ed. 1.) Pp. 5958, with 10% 
illustrations. Chicago, 1948, The Year Book Publishers, Ine. 

MANUAL FOR LABORATORY WORK IN MAMMALIAN PHYSIOLOGY. By Fre] 
EK. D’Amour, Frank R. Blood, University of Denver. Paper. Price $2.75. Ed. 1. Pp. 200, 
with many illustrations. Chicago, 1948, University of Chicago Press. 

A TEXTBOOK OF GYNAECOLOGICAL SURGERY. Victor Bonney, M.S., M.D., 
B.Se., London, F.R.A.C.S., Hon. F.R.C.O.G., M.R.C.P., London. Cloth. Ed. 5. Pp. 927, with 
17 illustrations. New York, 1948, Charles C Thomas, Publisher. 

HEMOSTATIC AGENTS. By Walter H. Seegers, M.S., Ph.D., Professor of Physiology, 
Wayne University College of Medicine, Detroit, Mich., and Elwood A. Sharp, M.D., Se.D. 
Wayne University. Cloth. Price $4.50. Ed. 1. Pp. 181, with 
Ill., 1948, Charles C Thomas, Publisher. 

RETROPUBIC URINARY SURGERY. By ‘Terence Millin, M.A., M.Ch. (Dubl.), 
F.R.C.S., F.R.C.S.1., Surgeon, All Saints Hospital for Genito-Urinary Diseases, London. Cloth. 
Price $7. Ed. 1. Pp. 208, with many illustrations. Baltimore, 1947, Williams & Wilkins 
Company. 

DIAGNOSIS IN GYNECOLOGY. James V. Ricci, A.B., M.D., Clinical Professor of 
Gynecology and Obstetrics, New York Medical College. Cloth. Ed. 1. Pp. 259, with no 
illustrations. Philadelphia and Toronto, 1948, The Blakiston Company. 

INTRACRANIAL TUMORS. Percival Bailey, Professor of Neurology and Neuro 
logical Surgery, University of Illinois, Cloth. Price $10.50. Ed. 2. Pp. 478. Springtield, 
Ill., 1948, Charles C Thomas, Publisher. 
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Thanks to a comprehensive, worldwide clinical guide, 
intravenous anesthesia with Pentothal Sodium can be accomplished 
safely, conveniently and effectively. Ever since Pentothal Sodium 
was first introduced by Abbott in 1934, published reports on its 
use have come from and for every land in which modern surgery is 


known and practiced. Now comprising more than 1100 titles, this 


detailed bibliography covers every aspect of the employment of | 
Pentothal Sodium: indications and contraindications, precautions | 
to be observed, and techniques to be followed. Thus it constitutes 
an accurate review of the use of Pentothal Sodium. We invite you to 
investigate further the merits of this important anesthetic. 
If you wish descriptive literature, just drop a line to 


\ppotr LaBporatories, North Chicago, Illinois. 


OBSTETRICS FILM 
CV A motion picture showing 


the uses and limitations of 
(STERILE THIOPENTAL SODIUM, ABBOTT) 


Pentothal Sodium anesthesia in 
obstetrical procedures is available 
to medical groups. Write to 
Abbott Laboratories, North 


FOR INTRAVENOUS ANESTHESIA Chicago, Illinois. 
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Ilgentritz 
PREOPERATIVE AND POSTOPERATIVE CARE OF 


SURGICAL PATIENT'S 


By HUGH C. ILGENFRITZ, A.B., M.D., Assistant Professor of Surgery, 
Louisiana State University, School of Medicine, New Orleans, Louisiana. 





SECOND EDITION 





Formerly published as ‘‘Synopsis of the 
Preparation and Aftercare of Surgical Pa 
tients,’’ this book is now presented in an 
enlarged edition. Numerous new chapters 

have been added, and the number of illus- 
trations has been increased. 


The great advances in surgery developed 
in recent years have been made possible 
largely by improvement in methods of pre- 
operative care and postoperative supportive 
treatment—and Dr. Ilgenfritz has written 
this book with the purpose of recording 
these principles in one volume. Every 
aspect of hospital care of the surgical pa- 
tient is described in detail, from entrance 
to the hospital to the day of discharge. 
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900 Pages, 110 Illustrations 


PRICE $10.00 


Each complication is considered from the 
standpoint of etiology, pathogenesis, symp- 
toms, diagnosis and treatment. Therapy in 
each case is proposed as a logical procedure 
based upon an understanding of the under- 
lying disturbances in physiology. 


Newer aspects of the care and healing of 
wounds are described, with particular refer- 
ence to the use of pressure dressings and 
the changing attitude toward local ehemo- 
therapy. 

In its present enlarged form, the book is 
designed to serve as a practical guide to the 
eare of surgical patients throughout their 
period of hospitalization. 


ORDER FORM 
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450 pages, 
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illustrated, embossed, blue paperbound. $6.00 ; ae ae as 0 
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Published May, 1947. The authoritative postwar volume on goiter. Contains some of the first collected pub 
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illustrated, embossed, blue clothbound. $6.00 A IO i it sire es 0 
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BRITISH SURGICAL PRACTICE 


Volumes I, II and II Now Ready for 
AMERICAN DISTRIBUTION 


In 8 Volumes—With Index 
6000 Pages—3000 Illustrations 


In collaboration with BUTTERWORTH & CO., LTD., of London, THE 
MOSBY COMPANY has made available to American physicians and surgeons 
the set of “BRITISH SURGICAL PRACTICE” in Eight Volumes with Index. 
The first 3 volumes are now ready for American distribution. The remaining 
five volumes and the index volume are scheduled for release in orderly fashion, 
with the final volume due during the early part of 1949. 


For Whom Intended .. . CONSTRUCTION ... 


This work is for general surgeons and 
general practitioners and provides an au- 
thoritative source of information on general 
surgery, and on modern surgical principles 
and technic as a whole. It is clear and 
concise in its arrangement and style. Be- 


This work deals with the clinical aspects 
of disease. All means of diagnosis are dis- 
cussed with the bases of biological and bio- 
chemical tests explained. The various vol- 
umes are alphabetical in arrangement. 


sides supplying detailed technic, it provides A uniform design for each article dis- 
for recognition of the various conditions in cussed in the work is followed. Difhculties 
which surgical intervention is demanded. of reference are reduced to a minimum. 


Following are the main headings used for 
How lt Will Be Kept Up-to-Date ome each article, in the order stated: Definition; 
Etiology; Surgical Anatomy; Pathology; 
Clinical Picture; Special Aids to Diagnosis; 
Differential Diagnosis; Prognosis; Indica- 
tions for Surgical Intervention; Pre-Opera- 


This is NOT a loose-leaf system of sur- 
gery that must be kept up-to-date by the 
insertion of pages supplied from time to 
time. In the years subsequent to the pub- ; 

" - -a72 ¢ « > > > >. > . are re 
lication of this work, purchasers will have "VY een tana of the Patient ; Operative 
the opportunity of having it kept up-to-date Pechnic ; Post-Operative a are Up to Con- 
by CUMULATIVE SUPPLEMENTS pub valescence; Results of Treatment; Bibliog- 
lished yearly. raphy. 


MAKE YOUR RESERVATIONS NOW! 


THE C. V. MOSBY COMPANY MJ 
3207 Washington Boulevard 

St. Louis 3, Missouri 

Gentlemen: Register me as a subscriber to “BRITISH SURGICAL PRACTICE” in Eight 
Volumes and Index, to be supplied and charged as and when issued. The price for the 
eight volumes and index—$125.00. ($15.00 tor each of eight volumes—$5.00 for the Index 
Volume). 
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—_—————MAIL COUPON TODAY 


A Handsome Permanent 


Binder for SURGERY 






The ONLY binder 
that opens flat as a 
bound book! Made 
of durable imitation 
leather, it will pre- 
serve your journals 
permanently. Each cover holds 6 is- 
sues, one volume (2 volumes published 
each year). Do your own binding at 
home in a few minutes. Instructions 
easy to follow. 


Mail coupon for full information and 
binder on 10-day free trial. 


SUCKERT LOOSE LEAF COVER CO. 

234 W. Larned St., Detroit. Michigan 

Mail postpaid______binders for ‘‘The Jour- 
nal of Surgery’’ for year__-_-_-_-__. Will re- 
mit in 10 days or return bindings collect. 
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Twelve Thousand Red Feather Serv- 
ices supported by Chests include ma- 
ternity and child care, family counsel- 
ing, nursing, summer camps, aid to the 
handicapped and aged, Y’s, clinics, 
scouting, Salvation Army, community 
centers, hospitals, boys’ and _ girls’ 
clubs. 
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